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ABSTRACT
The r e s e a r c h  e x a m in e s  t h e  e f f e c t s  o f  c h r o n i c ,  low l e v e l  o i l  
p o l l u t i o n  on th e  s a l t  m a rs h  e c o s y s t e m .  T h ree  m a r s h e s  w ere  s e l e c t e d  
f o r  t h i s  s t u d y ;  two w ere  d o s e d  m o n th ly  w i t h  No. 2 f u e l  o i l  w h i l e  th e  
t h i r d  s e r v e d  a s  a c o n t r o l .  I n  t h e  f i r s t  marsh  d o s e d  w i t h  f u e l  o i l ,  
t h e  d i s t r i b u t i o n  and  i n c o r p o r a t i o n  o f  o i l  i n t o  t h e  m arsh  g r a s s ,  S p a r t i n a  
a l t e r n l f l o r a , and s e d i m e n t  w e r e  d e t e r m i n e d  p r i m a r i l y  by GC m e thods .  
E x a m i n a t i o n  o f  t h e  a l k a n e  f r a c t i o n  e x t r a c t e d  from t h e  s e d i m e n t  showed 
a d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  n - a l k a n e s  r e l a t i v e  t o  t h a t  o f  t h e  
i s o p r e n o i d s ,  p r l s t a n e  a n d  p h y t a n e ,  e i g h t  t o  n i n e t e e n  weeks a f t e r  t h e  
f i n a l  o i l  d o s i n g .  The  m os t  s i g n i f i c a n t  c o n s e q u e n c e  o f  t h e  low l e v e l  
d o s i n g s  was  t h e  damage t o  t h e  d o m i n a n t ,  I n t e r t i d a l  g r a s s ,  J5, a l t e r n l f l o r a . 
L o s s  o f  g r a s s  p r o d u c t i o n  due  t o  t h e  o i l i n g  was e s t i m a t e d  a t  52.5%. The 
p l a n t  m o r t a l i t y  r e s u l t e d  i n  e x t e n s i v e  e r o s i o n  of  t h e  u n d e r l y i n g  p e a t  
and s e d i m e n t  i n  a r e a s  w h e re  t h e  o i l  a c c u m u l a t e d .  Recovery o f  t h i s  marsh 
has  b e e n  s lo w  -  d u r i n g  t h e  two g row ing  s e a s o n s  f o l l o w i n g  t h e  l a s t  o i l  
d o s a g e ,  l i t t l e  p l a n t  g r o w th  h a s  o c c u r r e d  i n  t h e  e x t e n s i v e l y  o i l  damaged 
a r e a s .
T he  s e c o n d  m a r s h  d o s e d  w i t h  Ho. 2 f u e l  o i l  was examined i n  
t e rm s  o f  t h e  a c c u m u l a t i o n ,  r e t e n t i o n  and i n  s i t u  d e p u r a t i o n  o f  p e t ro l e u m  
compounds ( s a t u r a t e s ,  a r o m a t l c s ,  p e t r o - s u l f u r )  by f o u r  m a rs h  o rg a n i s m s ,  
M o d io lu s  d e m i a s u s , C r a s s o a t r e a  v i r g l n i c a , L i t t o r i n a  l r r o r a t a ,  and 
N e r e i s  s u c c i n e a . E x c e p t  f o r  t h e  s a t u r a t e s  of  L i t t o r i n a  i r r o r a t a , t h e  
o r g a n i s m s  r a p i d l y  d e p u r a t e d  t h e  p e t r o l e u m  compounds w h ich  th e y  had 
a c c u m u l a t e d  d u r i n g  d o s i n g .  However,  i t  a p p e a r s  t h a t  some o rg a n i s m s  
a c c u m u l a t e d  o r  s e l e c t i v e l y  r e t a i n e d  some a r o m a t i c  h y d r o c a r b o n s  d u r i n g  
d e p u r a t i o n .  The p e t r o l e u m  compounds e x t r a c t e d  f rom  t h e  o rg an ism s  
w e r e  anaL y zed  b y  GC, GC-MS, and GC-FPD.
v i l i
THE EFFECTS OF FETROLEUM ON THE 
SALT MARSH ECOSYSTEM
INTRODUCTION
For many y e a r s  s a l t  marshes  w ere  r e g a r d e d  a s  b r e e d i n g  a r e a s  
fo r  m o s q u i to e s  and were  u sed  f o r  ga rbage  dumps o r  were f i l l e d  t o  
expand the  u s e a b l e  w a t e r f T o n t  l a n d .  Now, however ,  w e t l a n d s  and s a l t  
m arshes  In  p a r t i c u l a r  a r e  known f o r  t h e i r  h igh  p r o d u c t i v i t y ,  t h e i r  
Im por tance  as h a b i t a t s  and s a n c t u a r i e s  f o r  w i l d l i f e ,  and t h e i r  v a l u e  
f o r  e r o s i o n a l  s t a b i l i z a t i o n .  U n f o r t u n a t e l y  t h e  i n t e r t i d a l  l o c a t i o n  o f  
th e s e  m arshes  makes them p a r t i c u l a r l y  v u l n e r a b l e  t o  t h e  co n seq u en c es  
o f  t h e  deve lopm en t ,  t r a n s p o r t ,  and r e f i n e m e n t  o f  p e t r o l e u m  f u e l s .
Of g r e a t  conce rn  to  t h o s e  in v o l v e d  i n  o i l  p o l l u t i o n  r e s e a r c h  i s  t h e  
impact  o f  t h e  p o t e n t i a l  development o f  c o n t i n e n t a l  s h e l f  o i l  r e s e r v e s  
on t h e  f r i n g i n g  s a l t - m a r s h e s  o f  t h e  e a s t  c o a s t .  I t  h a s  been  s u g g e s t e d  
t h a t  numerous im p o r t a n t  d e c i s i o n s  a f f e c t i n g  t h e  amount,  r a t e ,  and 
l o c a t i o n  o f  p e t ro l e u m  d i s c h a r g e s  w i l l  be made i n  a t im e  p e r i o d  much 
s h o r t e r  th a n  i s  needed  to  d e v e lo p  a f u l l  u n d e r s t a n d i n g  o f  t h i s  v e ry  
complex p rob lem  (Moore and Dwyer,  1974) .  T h i s  s u g g e s t i o n  seems 
e s p e c i a l l y  r e v a l e n t  t o  o f f s h o r e  o i l  v s .  s a l t  m a rs h  c o n s e r v a t i o n .  The 
development o f  A t l a n t i c  o f f s h o r e  o i l  a p p e a r s  o n l y  s e v e r a l  y e a r s  o f f ,  
bu t  many s t u d i e s  on t h e  consequences  o f  o i l  p o l l u t i o n  o f  s a l t - m a r s h  
communit ie s  have p roduced  v a r y i n g  r e s u l t s  I n d i c a t i n g  t h a t  f u r t h e r  and 
more comprehens ive  r e s e a r c h  i s  n e c e s s a r y .
To d a t e  m os t  r e s e a r c h  on t h e  o i l  p o l l u t i o n  o f  s a l t  marshes  
has c o n c e n t r a t e d  on t h e  e f f e c t s  o f  o i l  on marsh  g r a s s e s .  I t  h a s  b e e n  
d e m o n s t r a te d  t h a t  g r a s s e s  were  co n tam in a ted  w i t h  o i l  ( B u m s  and T e a l ,
2
31971 ;  L y t l e ,  1 9 7 5 ) ,  and t h a t  t h e  e f f e c t s  o f  o i l  on marsh  g r a s s e s  were  
v a r i a b l e .  H a r s h  g r a s s e s  w e re  f o u n d  t o  r e c o v e r  w e l l  from a  s i n g l e  
m o d e r a t e  d o s i n g  o f  c r u d e  o i l  (M ack in ,  1950;  S t e b b i n g s ,  1970;  B a k e r ,
1 9 7 1 a ;  L y t l e ,  1 9 7 5 ) .  S u c c e s s i v e  s p i l l a g e s  (B a k e r ,  1 9 7 1 b ) ,  c h r o n i c  
c o n t a m i n a t i o n  ( B a k e r ,  1 9 7 1 c ) ,  and r e f i n e d  o i l  (Thomas,  1973;  Burns  a n d  
T e a l ,  1971) w e r e  f o u n d  t o  c a u s e  more  e x t e n s i v e  damage t o  t h e  g r a s s e s .
I n  g e n e r a l ,  t h e  s t u d i e s  o n  damage t o  m a rs h  g r a s s e s  d i d  n o t  d e t e r m i n e  
t h e  l o s s  o f  p r o d u c t i o n  o f  t h e  g r a s s ,  and  d i d  n o t  u t i l i z e  a n a l y t i c a l  
t e c h n i q u e s  f o r  h y d r o c a r b o n  q u a n t i f i c a t i o n  and c h a r a c t e r i z a t i o n .
The e f f e c t s  o f  p e t r o l e u m  p o l l u t i o n  on m a r i n e  and  I n t e r t i d a l  
o r g a n l s n . s  h a s  b e e n  exam ined  f o l l o w i n g  s p i l l s  (Chan,  1973; N o r t h  et^ aj_. , 
1965;  C lm b erg ,  e t  a l . ,  1973;  N i c h o l s o n  and  C im berg ,  1971;  Thomas,  1 9 7 3 ) .  
T h ese  p i o n e e r  w o r k s  e s t i m a t e d  t h e  b i o l o g i c a l  e f f e c t s  o f  t h e  s p i l l  b u t  
d i d  n o t  i n v o l v e  c h e m i c a l  a n a l y s i s .  O t h e r  w orks  u t i l i z e d  c h e m i c a l  
t e c h n i q u e s  t o  d e t e r m i n e  t h e  l e v e l s  o f  p e t r o l e u m  h y d r o c a r b o n s  a c c u m u l a t e d  
by m a rs h  and i n t e r t i d a l  o r g a n i s m s  (Burns  and  T e a l ,  1971;  S c a r r a t t  and  
Z i t k o ,  1 9 7 2 ) .  C o n s i d e r a b l e  e m p h a s i s  has  b e e n  p l a c e d  on t h e  u p t a k e  and 
r e l e a s e  o f  p e t r o l e u m  h y d r o c a r b o n s  by f i l t e r  f e e d i n g  m o l l u s k s ,  and 
l a b o r a t o r y  d o s i n g  and d e p u r a t i o n  s t u d i e s  h a v e  been  c o n d u c t e d  (A n d e r so n ,  
1973 ;  A n d e r s o n ,  1975;  C l a r k  and F i n l e y ,  1975 ;  B lum er ,  a l . , 1970b; 
D I S s l v o ,  e t  a l . , 1975;  L e e , e t  a l . , 1 9 7 2 ) .  I n  g e n e r a l  t h e s e  s t u d i e s  
o n l y  exam ined  t h e  c o n c e n t r a t i o n s  o f  h y d r o c a r b o n  c l a s s e s  i n  t h e  o r g a n i s m s .  
D e t a i l e d  e x a m i n a t i o n s  o f  t h e  h y d r o c a r b o n s  and n o n - h y d r o c a r b o n  p e t r o l e u m  
compounds r e t a i n e d  f o r  e x t e n d e d  t i m e  p e r i o d s  w ere  n o t  c o n d u c t e d .
A c c i d e n t a l  o i l  s p i l l s  a c c o u n t  f o r  o n l y  a s m a l l  p o r t i o n  o f  t h e  
p e t r o l e u m  e n t e r i n g  c o a s t a l  e n v i r o n m e n t s  (Brummage,  1 9 7 3 ) .  To u n d e r s t a n d  
t h e  s c o p e  o f  t h e  o i l  p o l l u t i o n  p r o b l e m ,  one must  know t h e  c o n s e q u e n c e s
u□f c h r o n i c  o i l  p o l l u t i o n .  The n e c e s s i t y  f o r  r e s e a r c h  on t h e  e f f e c t s ,  
p a r t i c u l a r l y  sub l e t h a l  e f f e c t s ,  of  c h r o n i c  o i l  Impute h a a  been  e m p h a s i z e d  
( S t .  Amant, 1971;  S te b b in g s ,  1970; Bluraer ,  1971; Moore and  Dwyer,  1974 ;  
Boesct i  e_t a l . , 1974) .  To d a t e ,  however ,  n o t  much r e s e a r c h  has  b e e n  
c o n d u c te d  on th e  p rob lem -
I n  summary, r e s e a r c h  has shown t h a t  a l l  o rgan ism s  in  a s a l t  
marsh c o n t a m i n a t e d  w i t h  o i l  were a f f e c t e d  a t  l e a s t  to t h e  e x t e n t  t h a t  
they  a c c u m u la te d  pe t ro leum hydroca rbons  I n  t h e i r  t i s s u e s  (Burns  and  
T e a l ,  1 9 7 1 ) ,  b u t  t h e  d i s p a r a t e  r e a u l t s  e n c o u n t e r e d ,  d e pend ing  on t h e  
d o s i n g ,  t h e  t y p e  o f  o i l ,  t h e  s e a s o n ,  and t h e  community,  I n d i c a t e  t h a t  
o u r  o v e r - a l l  knowledge of  o i l  p o l l u t i o n  o f  s a l t  m arsh  s y s t e m s  i s  v e r y  
l i m i t e d .  The p r e s e n t  s tudy u t i l i z e d  a v a r i e t y  o f  b i o l o g i c a l  and 
c h e m ica l  t e c h n i q u e s  to  examine th e  f a t e  and e f f e c t s  of  Mo. 2 f u e l  o i l  
In s m a l l  s a l t  m a r s h e s .  The s tudy  was c o n d u c te d  i n  two p a r t s .  The  f i r s t  
p a r t  examined  th e  d i s t r i b u t i o n  o f  s u c c e s s i v e  s m a l l  s p i l l s  o f  Mo. 2 f u e l  
o i l  i n  t h e  s e d i m e n t ,  and examined t h e  c o n t a m i n a t i o n  o f ,  and e f f e c t  o n ,  
marsh g r a s s e s .  The l o s s  of  gTsss p r o d u c t i o n  due  to  t h e  e f f e c t s  o f  t h e  
o i l ,  and t h e  e r o s i o n  of marsh p e a t  as  a r e s u l t  o f  g r a s s  m o r t a l i t y  w e re  
s t u d i e d .  The second  s tudy  a l s o  used s u c c e s s i v e  s m a l l  s p i l l s  o f  No,  2 
f u e l  o i l  t o  s i m u l a t e  a long term c h r o n i c  d o s i n g  o f  t h e  m a rs h  e n v i r o n m e n t .  
T h i s  s t u d y  was  p r i m a r i l y  chemica l  i n  n a t u r e  and examined th e  r e c o v e r y  
□ f  t h e  m a rs h  env i ronm ent  from th e  o i l  c o n t a m i n a t i o n .  The r e s p o n s e  o f  
t h e  marsh  was documented by a d e t a i l e d  g a s  chroma to  grap h i  c - t t a s s  
s p e c t r o m e t r i c  (GC-HS) a n a l y s i s  o f  t h e  h y d r o c a r b o n  c o n t e n t  o f  o r g a n i s m  
and s e d i m e n t  sam ples  taken  d u r in g  a r e c o v e r y  p e r i o d .  P a r t i c u l a r  e m p h a s i s  
was p l a c e d  on t h e  more tox ic  and more p e r s i s t e n t  a r o m a t i c  h y d r o c a r b o n s .
I n  a d d i t i o n ,  t o  d e te rm in e  the  f a t e  o f  some o f  t h e  n o n*hydroca rbon
5components  o f  p e t r o l e u m ,  t h e  p e t r o - s u l f u r  c o n t e n t  o f  m a r i n e  b i v a l v e  
m o l l u s k s  was exam in ed .  T h e s e  s t u d i e s  answ er  some q u e s t i o n s ,  b u t  p ose  
many o t h e r s .  T h i s  work ,  how eve r ,  i s  t h e  f i r s t  a t t e m p t  t o  combine 
d e t a i l e d  b i o l o g i c a l  and c h e m i c a l  t e c h n i q u e s  t o  exam ine  t h e  c h r o n i c  
i n p u t  o f  o i l  t o  m a rs h  s y s t e m s ,  and  a s  s u c h  s h o u l d  e s t a b l i s h  a b a s i s  
f o r  f u r t h e r  r e s e a r c h  on t h i s  complex p rob lem .
EXPERIMENTAL SITE DESCRIPTION
T hree  s m a l l  S p a r t i n a  a l t e r n i f l o r a  s a l t  m a r s h e s  l o c a t e d  In th e  
lo w e r  Chesapeake Bay were  s e l e c t e d  f o r  t h i s  s t u d y  b e c a u s e  they  were 
b i o l o g i c a l l y  and p h y s i c a l l y  c h a r a c t e r i s t i c  o f  o t h e r  m a rs h es  In  t h i s  
a r e a .  W h i t t a k e r  C reek  Karsh  and  Mud P o i n t  C re e k  Marsh  were chosen  to  
be d o s e d  w i th  o i l ,  w h i l e  Goat P o i n t  Marsh was t o  s e r v e  a s  a c o n t r o l  
( F i g u r e  1 ) .  T y p i c a l l y ,  t h e s e  m arshes  have  r e l a t i v e l y  na r row  I n l e t s  
w h ic h  l e a d  I n t o  ponds l o c a t e d  behind  t h e  be a c h  f r o n t .  The f o u n d a t i o n s  
o f  t h e  s p i t s  which d e f i n e  the  e n t r a n c e s  t o  t h e  m a rs h e s  a r e  u s u a l l y  
composed o f  s an d .  On top  o f  t h e  sand  l i e  l a y e r s  o f  p e a t  w h ich  have 
b e e n  a c c r e t e d  by t h e  dominant  I n t e r t i d a l  s a l t  m a rsh  g r a s s ,  S.. a l t e r n l f l o r a . 
The banks  o f  t h e  s p i t s  a r e  c o l o n i z e d  by l i v i n g  a l t e r n i f l o r a , bu t
h i g h e r  marsh s p e c i e s  f r e q u e n t l y  c o l o n i z e  t h e  s p i t s  i f  e l e v a t i o n s  a r e  
ab o v e  mean h igh  w a t e r .  P e rhaps  t h e  most s t r i k i n g  f e a t u r e  o f  t h e s e  
m a rs h e s  a r e  the  w e l l  d e f i n e d  v e g e t a t i o n  z o n e s .  The m arsh  ponds a r e  
r immed by a nar row band of S3, a l t e r n i f l o r a  w h ich  e x t e n d s  from mean low 
w a t e r  t o  mean h igh  w a t e r .  Above t h e  a l  t e r n l f  l o r ^  t h e  b l a c k t l p p e d  
n e e d l e t u a t y  Juncus  r o m e r i a n u s  grows.  R a t h e r  e x t e n s i v e  s a l t  marsh 
meadows composed o f  j l .  p a t e n s , D i s t i c h l I s  s p l c a t a , and  S a l l c o r n t a  s p p . 
f r e q u e n t l y  occupy a r e a s  beh ind  th e  J u n c u s .  Beyond t h e s e  meadows th e  
t h e  marsh  g r a d e s  I n t o  s a l t  bush  and th e n  i n t o  l o b l o l l y  p i n e ,  F inns  
t a e d a .
Wass (1972) g iv e s  a  d e s c r i p t i o n  of  t h e  o r g a n i s m s  o c c u r r i n g  
i n  t h e  s a l t  m arshes  i n  t h i s  a r e a  o f  t h e  C hesapeake  Bay.
6
7Figure  1. L o c a t io n s  o f  ex p er im en ta l marshes .
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8The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  e x p e r i m e n t a l  m a rs h e s  a r e  
r e p r e s e n t a t i v e  o f  many marshes  In t h i s  a r e a *  T h e re  I s  a l m o s t  no 
f r e s h w a t e r  i n p u t  t o  t h e s e  marshes  e x c e p t  d u r i n g  heavy r a l n e  w h ich  
p ro v id e  run o f f  f rom  t h e  s u r r o u n d in g  l a n d .  The w a t e r  t e m p e r a t u r e  of  
th e  marshes  r a n g e s  from abou t  2 t o  32DC a n n u a l l y ;  t h e  s a l i n i t y  v a r i e s  
from 15 to  22 o / o o .  A t i d e  gauge n e a r  t h e  mouth o f  Mud P t ,  C reek  
Karsh  showed t h a t  t h e  mean t i d e  ran g e  i n  t h i s  a r e a  was 2 ,2 5  f t  ( 0 ,6 8  
m) ,
P r i o r  t o  t h e  b e g i n n in g  o f  t h e  d o s i n g  e x p e r i m e n t s T t h e  marshes  
were  mapped u s i n g  a  p l a n e  t a b l e  and a l e d a d e ,  The g r a s s  zo n es  and  ponds 
o f  t h e s e  m arshes  and t h e i r  a r e a s  a r e  shown ( F i g u r e s  2 -4 ;  T a b l e  1 ) ,

















F ig u re  3.  W h i t t a k e r  C reek  H arsh  { E x p e r i m e n ta l  Marsh I )  
November 1 9 7 3 -Q c to b e r  1974.
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AREAS OF CRASS ZONES AND PONDS IN EXPERIMENTAL MARSHES
W h i t t a k e r  Creek Marsh (Exper imenta l  Marsh I )
S p a r t i n a  a l t e r n l f l o r a  1 3 6 2 , 5  m2
Juncus  r o m e r l a n u s  1 5 9 1 ,7  m2
D j s t l c h l l s  s p i c a t a  5 5 1 , 1  m2
S p a r t i n a  p a t e n s  s m a l l  amount w i t h  D, s p i c a t a
Pond 14B5, 0  m2
Goat P o i n t  Creek  Marsh (C o n t ro l )  
j i ,  a l t e r n l f l o r a  5 2 6 5 . 0  ra2
jl ,  romar lanuB 9 3 3 7 . 5  ra2
D. s p i c a t a  and S. p a t e n s  1 1 7 9 0 ,0  m2
Pond 7 4 7 0 . 0  m2
Mud P o i n t  Creek  Marsh (Exper imenta l  M a r s h  I I )
S.  a l t e r n l f l o r a  2 9 9 5 .9  m2
Pond 13198 .4  m2
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ANALYTICAL SECTION
A* W h i t t a k e r  C reek  Samples
1. S e d im e n t s
A gas  c h r o m a t o g r a p h i c  (GC) p r o c e d u r e  was c h o s e n  f o r  th e  
a n a l y s i s  o f  s e d im e n t  s a m p l e s  from W h i t t a k e r  Creek  M a rs h .  S i n c e  I t  
was n e c e s s a r y  t o  a n a l y s e  numerous samples*  t h e  a n a l y s i s  t ime was 
r ed u ce d  by em ploying  a r a t h e r  c ru d e  e x t r a c t i o n  p r o c e d u r e  s i m i l a r  t o  
one u s e d  by G l g e r . ^ t  a l .  ( 1 9 7 4 ) .  I n  t h e  m o d i f i c a t i o n  o f  t h i s  p r o c e d u r e  
used  In  t h i s  s t u d y  t h e  em phas i s  was on r a p i d i t y  of  a n a l y s i s  and n o t  
on e x t r a c t i o n  e f f i c i e n c y .  A l though  t h i s  approach  r e s u l t e d  i n  low 
e x t r a c t i o n  e f f i c i e n c i e s  ( t o t a l  p r o c e d u r a l  e f f i c i e n c y  was  535S+173!)* i t  
was j u s t i f i e d  b e c a u s e  t h e  c o n c e n t r a t i o n s  of  o i l  h y d r o c a r b o n s  in  th e  
s e d im e n t  s am p le s  w ere  r e l a t i v e l y  h i g h .
S u r f a c e  s e d i m e n t  samples* 0 - 1 0  cm d e p t h  w ere  o b t a i n e d  f rom 
t h e  W h i t t a k e r  C reek  m arsh  I n  g l a s s  c o r e  t u b e s .  L o n g e r  co re  s am ple s  
w ere  t a k e n  w i t h  p l a s t i c  c o r e  tubes  b e c a u s e  t h e  g l a s s  c o r e  t u b e s  
f r e q u e n t l y  b roken  when t h e y  were d r i v e n  I n t o  t h e  s e d i m e n t .  Samples  
w ere  e i t h e r  a n a l y s e d  im m e d i a t e l y  o r  p l a c e d  In  p l a s t i c  bags  and f r o z e n  
u n t i l  a n a l y s i s . A f t e r  th a w in g  ( I f  n e c e s s a r y )  samples  were p l a c e d  i n  
600 ml b e a k e r s  and 100 ml d i s t i l l e d  w a t e r  and  10Q ml p e n t a n e  w ere  
ad d ed .  T h i s  m i x t u r e  was s t i r r e d  by a m i x e r  and e x t r a c t e d  I n  an  
u l t r a s o n i c  b a t h  f o r  5 m i n u t e s .  The r e s u l t i n g  e n u l s i o n  was t r a n s f e r r e d  
t o  s t a i n l e s s  s t e e l  c e n t r i f u g e  tubeB and  c e n t r i f u g e d  a t  2 .000  RPM f o r
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one m i n u t e  * The p e n t a n e  and o r g a n i c  l a y e r  was drawn o f f  w i t h  a s y r i n g e  
and p l a c e d  i n  a  r ound  bo t tom f l a s k .  The sed im en t  a t  t h e  b o t to m  o f  t h e  
c e n t r i f u g e  tube  was b ro k e n  up by a s p o o n u la  and t h e  e x t r a c t i o n  p r o c e d u r e  
was r e p e a t e d .  The  e x t r a c t e d  sed im en t  waa oven d r i e d  and w e ig h e d .  The 
e x t r a c t s  were  combined and r educe d  i n  volume t o  0 . 5  ml by s p i n n i n g  
t h e  round  b o t to m  f l a s k  In  a  warm w a t e r  b a t h  ( 3 0 ° C ) . The e x t r a c t  was 
th e n  c h a r g e d  o n to  a 5% w a t e r  d e a c t i v a t e d  s i l i c a  g e l  column. The f i r s t  
f r a c t i o n  ( T r a c t i o n  1) w h ich  was e l u t e d  w i t h  30 ml o f  p e n t a n e  c o n t a i n e d  
th e  s a t u r a t e d  h y d r o c a r b o n s .  In  t h i s  s t u d y  t h i s  f r a c t i o n  I s  c a l l e d  th e  
s a t u r a t e  o r  s a t u r a t e d  f r a c t i o n .  The a r o m a t i c  h y d ro c a rb o n s  w ere  n o t  
a n a l y z e d  i n  t h e  p r e s e n t  s t u d y .  A d i s c u s s i o n  o f  t h e  column s e p a r a t i o n  
and e l u t i o n  c h a r a c t e r i s t i c s  o f  t h e  column a p p e a r  i n  a p p e n d ix  1.  The 
r e s u l t i n g  f r a c t i o n s  were  r e d u c e d  In  volume un d e r  s  s t r e a m  o f  n i t r o g e n  
and a n a l y z e d  on a  1 5 ' 1 / 8 ” I .  D. column o f  101 SE -  30 on chromosorb  
P 80-100  mesh DMCS i n  a P e r k i n  Elmer 900 Gas Chromatograph .
C o n c e n t r a t i o n s  o f  t h e  s a t u r a t e  f r a c t i o n s  were  d e t e r m i n e d  by 
com par ing  th e  p l a n l m e t e r e d  a r e a s  from sample  chromatograms w i t h  t h e  
a r e a s  o b t a i n e d  f rom  o i l  s t a n d a r d s .  I d e n t i t i e s  o f  compounds were  based  
on a  co m p a r i s o n  o f  r e t e n t i o n  t im es  o f  unknowns w i t h  known s t a n d a r d s .
The p e a k  h e i g h t s  o f  compounds t e n t a t i v e l y  I d e n t i f i e d  (by r e t e n t i o n  
t i m e s )  a s  n - h e p t a d e c a n e , 2 , 6 * 1 0 , 1 4 - t e t r a m e t h y l p e n t a d e c a n e  ( p r i s t a n e ) ,  
n - o c t a d e c a n e  and 2 , 6 , 1 0 , 1 4 - t e t r a m e t h y l h e x a d e e a n e  ( p h y ta n e )  w ere  measured  
to  compute t h e  n - C j y / p r i s t a n e  and n -C ^ g /p h y ta n e  r a t i o s .
P e s t i c i d e  g r a d e  p e n t a n e  was u sed  th r o u g h o u t  t h e  s t u d y .  Numerous 
c o n t a m i n a t i o n  c h e c k s  were  made by p r o c e s s i n g  p r o c e d u r a l  b la n k s  and 
c o n t r o l  s am p les  w i t h  f i e l d  sam p les .  Ho peaks  I n t e r f e r i n g  w i t h  t h e  
a n a l y s i s  o f  #2 f u e l  o i l  w ere  d e t e c t e d .
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2 .  Sp a r t i n a  a l t e r n l f l o r a
The r o o t  ay sterna of  S^ . a l t e r n l f l o r a  were o b t a i n e d  by c u t t i n g  
a  1 / 2 0  m^ b l o c k  o f  r o o t s  and rh iz o m e s  ou t  of  t h e  marsh mud. All  
s e d i m e n t  uae  r i n s e d  from t h e  S p a r t i n a  r o o t s  and rh iz o m e s ,  which were 
m a c e r a t e d  and  p e n t a n e  e x t r a c t e d  i n  an  u l t r a s o n i c  b a t h .  The e x t r a c t e d  
p l a n t  m a t e r i a l  was  oven  d r i e d  and w e ighed .  The column s e p a r a t i o n  and 
g a s  c h r o m a t o g r a p h i c  a n a l y s i s  of  t h e  p l a n t  e x t r a c t s  were i d e n t i c a l  w i th  
t h e s e  u s e d  f o r  t h e  s e d im e n t  s a m p l e s .
B , Mud P o i n t  C r e e k  Samples  
1 .  O i l
To d e t e r m i n e  t h e  c o m p o s i t i o n  o f  t h e  No, 2 f u e l  o i l  used  to  
d o s e  t h e  Mud P o i n t  Creek  Marsh,  a  sample  o f  the  o i l  was f r a c t i o n a t e d  
by co lumn c h r o m a t o g r a p h y .  The r e s u l t i n g  f r a c t i o n s  were a n a l y z e d  by 
UV a b s o r p t i o n  s p e c t r o p h o t o m e t r y ,  g a s - c h ro m a to g ra p h y ,  and mass s p e c t r o ­
m e t r y .  The p r o c e d u r e  used  t o  s e p a r a t e  t h e  o i l  i n t o  f r a c t i o n s  was 
s i m i l a r  t o  one u s e d  by C h a r l e t ,  £t_ a l .  {1954) .  A sample of  o i l  ( 0 .5  
ml  was  added  t o  a U5 cm 0 mm l . D .  column o f  100-200 mesh s i l i c a  g e l .  
The  s a t u r a t e d  h y d r o c a r b o n s  were e l u t e d  w i t h  30 ml o f  p e n t a n e ,  The 
a r o m a t i c  and p o l a r  compounds were  e l u t e d  from th e  column w i t h  a c e t o n e .  
The  a c e t o n e  was e v a p o r a t e d  u n d e r  a  s t r e a m  of  n i t r o g e n  and th e  r e m a in in g  
compounds w ere  t r a n s f e r r e d  In  p e n t a n e  t o  a 60 cm 6 non l . D .  column o f  
k% w e i g h t / w e i g h t  w a t e r  d e a c t i v a t e d  F l o r l s i l  F-20.  F o l lo w in g  t h e  e l u t i o n  
o f  6 more 10 ml p e n t a n e  f r a c t i o n s ,  t h e  column was broken  i n t o  5 
s e c t i o n s .  The co lumn p a c k i n g  was c o l l e c t e d  from e a c h  s e c t i o n  and 
e x t r a c t e d  w i t h  a c e t o n e .  F o l lo w in g  t h e  e v a p o r a t i o n  o f  t h e  a c e t o n e ,  
by a  s t r e a m  o f  n i t r o g e n ,  t h e  f r a c t i o n s  were r e d i s s o l v e d  i n  s p e c t r o p h o t o -  
m e t r i c  g r a d e  p e n t a n e  and a n a l y z e d  by UV a b s o r p t i o n  s p e c t r o p h o t o m e t r y  
on a  Cary  15 S p e c t r o p h o t o m e t e r .  R e p e t i t i v e  s can s  were made from
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200-350  am and  th e  r e s u l t i n g  s p e c t r o g r a m s  w ere  compared w i t h  t h e  r e s u l t s  
shown by C h a r l e t ,  j i t  a l .  ( 1 9 5 4 ) .  From t h e s e  c o m p ar i s o n s  I t  a p p e a re d  
t h a t  t h e  f i r s t  2 f r a c t i o n s  w e r e  composed p r e d o m i n a t e l y  o f  b e n z e n e s ,  
f r a c t i o n s  3 -5  c o n t a i n e d  n a p h t h a l e n e s ,  f r a c t i o n s  6 and 7 were mixed ,  
f r a c t i o n s  8 and 9 c o n t a i n e d  p h e n a n t h r e n e s ,  and  10 and 11 c o n t a i n e d  
a r o m a t i c  compounds w i t h  4+ r i n g s .  Based on t h e  p r e l i m i n a r y  f i n d i n g s  
a s e p a r a t i o n  o f  t h e  a r o r a a t l c s  I n  t h e  o i l  i n t o  f r a c t i o n s  based  on t h e  
number o f  a r o m a t i c  r i n g s  was a t t e m p t e d .  T h i s  s e p a r a t i o n  used t h e  45 cm 
8 mm l .D ,  s i l i c a  g e l  column ( 1 0 0 - 2 0 0  mesh) t o  s e p a r a t e  o i l  s a t u r a t e s  
f r a c t i o n  1 (0 -3 0  ml p e n t a n e )  from t h e  lower  m o l e c u l a r  w e ig h t  a r o m a t i c s  
f r a c t i o n  2 ( 3 0 -4 0  ml  p e n t a n e )  and f r a c t i o n  3 (40-50  ml p e n t a n e ) .
The  r e m a i n i n g  a r o m a t i c  and p o l a r  compounds w e re  then  e l u t e d  w i th  
a c e t o n e  ( t h i s  e l u t i o n  was m o n i t o r e d  w i t h  a UV l i g h t ) .  F o l lo w in g  s o l v e n t  
exchange  t h e  a r o m a t i c  and p o l a r  compounds w e r e  chromatographed  on a 
45 cm 6 mm l . D .  F l o r i s i l  co lum n .  The f o l l o w i n g  f r a c t i o n s  were o b t a i n e d ;  
f r a c t i o n  4 {0-10  ml p e n t a n e ) ,  f r a c t i o n  5 ( 1 0 - 3 0  ml p e n t a n e ) ,  f r a c t i o n  
6 (30 -60  ml  p e n t a n e ) ,  and  f r a c t i o n  7 (25 ml a c e t o n e ) .  The a c e t o n e  
was r e p l a c e d  w i t h  p e n t a n e  I n  f r a c t i o n  7, and  a l l  f r a c t i o n s  were  a n a l y z e d  
by mass s p e c t r o m e t r y  on a H i t a c h i  RMV-6 mass s p e c t r o m e t e r .  The a n a l y s i s  
o f  t h e  f r a c t i o n s  o f  t h e  o i l  a s  d e t e r m i n e d  by t h e  Gas-011 I n v e r t e d  
M a t r i x  a t  Exxon P r o d u c t i o n  R e s e a r c h  Co.  i s  shown i u  T a b l e  2, A l th o u g h  
t h i s  breakdown of t h e  o i l  I s  u s e f u l  f o r  a c h a r a c t e r i z a t i o n  of  t h e  o i l ,  
i t  I s  q u i t e  t im e  consuming,  and r e q u i r e s  a l a r g e  sam ple .  Because o f  
t i m e  and s a m p le  s i z e  l i m i t a t i o n s ,  a more s i m p l e  a n a l y s i s  o f  t h e  o i l  
w as  u t i l i z e d  f o r  o rg a n i s m s  ( s e e  f o l l o w i n g  s e c t i o n ) .  When the  s e p a r a t i o n  
p r o c e d u r e  u s e d  i n  t h e  a n a l y s i s  o f  o rg a n i s m  t i s s u e  was a p p l i e d  t o  t h e  
o i l ,  i t  was g r a v i m e t r i c  a l l y  d e t e r m i n e d  t h a t  8 6 . 6X of t h e  o i l  was In
ANALYSIS OF
S a t u r a t e s  
P a r a f i n s
1-R ing N ap h th en es
2-R ing  N aph thenes
3-R ing N ap h th en es
4-R ing N a p h th e n e s
5-R ing N a p h th e n e s





N ap h th a le n e s
Te t  rahy  d ro p h en an  t  h r e n e s
D ihyd ro  phenan  t  h r  enea




P ib e n z o th lo p h e n e s
T hiophenophenan t  h re n e s
Numbers a r e  a l l  X
TABLE 2
DOSING OIL BY INVERTED MATRIX
F r a c t i o n  No.




6 .0  
6 .4  
4 .1  
1 .7
6 1 .9 4 8 .3 4 0 .0
1 1 .7 1 9 .2 26 ,7
6 .4 1 3 .6 30.1
0 .0 0 .0 0.7
0 .0 0 .0 0 ,0
0 .0 0 ,0 0 .0
0 .4 2 .6 0 .0
2 .5 4 .5 0 .0
0 .0 0 .0 0 .0
12 .1 9 .3 0 .0
0 .0 0 .0 0 .0
5 .0 2 .5 2.4
6 .7 6 .5 1 .7
4 . 0 2 .6 1 .0
1 1 .4 4 .0 1 .4
1 3 .6 1 .6 0 .0
27 .3 22 .3 2 .6
3 3 .2 4 4 .0 4 3 .2
0 .0 0 .8 4 9 .3
0 .0 0 .0 0 .0
0 .0 0 .0 0 .0
2 .2 2 .9 0 .8
1 .7 15 .2 0 .0
0 .0 0 .0 0 .0
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T r a c t i o n  t  { s a t u r a t e d  h y d r o c a r b o n s ) ,  1 1 . IX o f  t h e  o i l  was In F r a c t i o n  
I I  [ a r o m a t i c  h y d r o c a r b o n s  and p o l a r  compounds ( I n c lu d i n g  p e t r o - a u l f u r  
c o m p o u n d s ) ] ,  and  6 .2X  o f  t h e  o i l  was l o s t  In  th e  p ro c e d u re  (p re d o m in a te ly  
lo w e r  m o l e c u la r  w e ig h t  a r o m a t i c s  ( s e e  T ab le  3 ) .  A n a ly s is  of F r a c t i o n  
I I  fo u n d  t h a t  i t  c o n t a i n e d  5 . 2 % o f  p e t r o - s u l f u r  compounds. The r e s u l t s  
o f  GC-MS a n a l y s e s  o f  t h e  a r o m a t l c s  o f  th e  o i l  a r e  shown in  F ig u re  5 and 
T a b l e  4 .  A n o th e r  a n a l y s i s  o f  t h e  d o s in g  o i l  showed i t  was 33.03 a ro m a tic  
a n d  6 7 . OS s a t u r a t e  when m e asu re d  on a v o lu m e t r i c  b a s i s  by column chrom ato­
g ra p h y  (ASTM 1 3 1 9 ) .
2 .  O rg an ism s
S in c e  more s o p h i s t i c a t e d  a n a l y t i c a l  I n s t r u m e n ta t io n  (GC-HS 
and  Flame P h o to m e t r i c  D e t e c t i o n  g a s  ch rom a tog raphy )  became a v a i l a b l e  
f o r  t h e  Mud P o i n t  C re e k  H arsh  S tu d y ,  more d e t a i l e d  a n a l y s i s  o f  th e  
p e t r o l e u m  c o n t e n t  o r  o rg a n is m  sam p les  was d e s i r e d .  C onsequently  
d i f f e r e n t  e x t r a c t i o n  and s e p a r a t i o n  p ro c e d u re s  w ere  u t i l i z e d  on th e  
o r g a n i s m  s a m p le s .  The p r o c e d u r e  used  was a m o d i f i c a t i o n  of th o s e  of 
W a rn e r  (1975) and  B a y lo c k ,  £ t  j s l .  (1973) and was c a p a b le  of e x t r a c t i n g  
and  i s o l a t i n g  t h e  s a t u r a t e d  and  a r o m a t i c  h y d ro c a rb o n s  and th e  p e t r o -  
s u l f u r  compounds from  o rg a n is m  s a m p le s .
S ed im en t w as  r i n s e d  from  th e  o rgan ism s  w i th  tap  w a te r .  The 
o r g a n i s m  sam p les  w ere  th e n  f r o z e n  u n t i l  a n a l y s i s  o r  analyzed  Im m edia te ly .  
F o r  m o l lu s k  s a m p le s  g r e a t  c a r e  was ta k e n  to  I n s u r e  t h a t  the  t i s s u e s  
w e re  n o t  c o n t a m in a te d  i n  t h e  s h u c k in g  p r o c e s s .  P r i o r  to  e x t r a c t i o n  
t h e  t i s s u e s  w e re  thaw ed  ( I f  n e c e s s a r y ) ,  w e ig h ed ,  p la c e d  in  a round 
b o t to m  f l a s k ,  and 10 m l of 2 . 1  M K0H s o l u t i o n  w ere  added fo r  each  10 
g ram s o f  t i s s u e .  T he  t i s s u e s  w ere  th e n  d ig e s t e d  u n d e r  r e f lu x  a t  80°C. 
A f t e r  t h e  t i s s u e s  w e re  c o m p le te ly  d i g e s t e d  ( u s u a l l y  abou t 45 m i n u t e s ) ,
TABLE 3
RETUSH OF STANDARDS FROM PROCEDURE 
SEPARATION OF DOSING p lL  
RESULTS OF GRAVIMETRIC ANALYSES
P e r c e n t  r e t u r n e d  from 
added s t a n d a r d  
T r i a l s  
L 2 3 4
A verage  % S ta n d a rd  
R e tu rn  D e v ia t io n
S a t u r a t e s 8 6 .2 7 2 .6 8 4 .4 8 7 .0 8 2 .6 + 6 .7
A ro m a tic s 6 .8 12 .2 1 4 .0 U . 8 1 1 .2 ± 3 .1
L o s t 7 .0 13 .2 1 .6 1 .2 6 .2 + 6 .5
A r o m a t i c /S a t u r a t e  R a t io * .078 ■ 168 .166 .136 .137 + .0 4
RETURN OF STANDARDS FROM OYSTER TISSUE
P e r c e n t  r e t u r n e d  from 
added s t a n d a r d
T r i a l s  A verage  % S ta n d a rd
1 2 3 R e tu r n  D e v ia t io n
S a t u r a t e s
n' Cl4 6 9 .3 5 5 .9 6 4 .5 6 3 .2 + 6 .8
P r i s t a a e * 7 6 .6 6 3 .7 71 .7 70 .7 + 6 .5
n _ c 24 9 0 .9 8 6 .3 90 .9 8 9 .4 + 2 .7
A ro m a tic s  + p e t r o - s u l f u r compounds
2-m et b y I n a p h th a le n  e 1 6 .5 1 2 .0 2 4 .0 1 7 .5 + 6 .1
□ ib e n z o th io p h e n e s 7 8 .8 7 2 .7 8 4 .8 7 8 ,8 ± 6 .0
P h e n a n th re n e * 8 4 .1 7 2 .7 8 0 .6 7 9 .1 + 5 .8
* u sed  f o r  c a l c u l a t i n g  e r r o r  b a r s  tn  F i g u r e s  
numbers a re  a l l  I
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th e  m ix tu r e  was a l lo w e d  to  c o o l .  F o r t I o n a  o f  t h e  r e s u l t i n g  m ix tu r e  
w ere  p la c e d  In  50 ml sc rew  capped c e n t r i f u g e  t u b e s .  20 ml o f  201 
benzene  I n  p e n ta n e  w ere  added and t h e  T e f lo n  l i n e d  cap s  w ere  screw ed  
on . The tu b e  was sh ak en  f o r  s e v e r a l  m in u te s  and  th e n  c e n t r i f u g e d  a t  
2 ,000  RPM f o r  2 m i n u te s .  The em u ls io n  w hich fo rm ed was b ro k en  by  th e  
a d d i t i o n  o f  p r e - e x t r a c t e d  NaCl and th e  o r g a n ic  l a y e r  was drawn o f f .
The e x t r a c t i o n  was r e p e a te d  3 t im es f o r  each  p o r t i o n  o f  d i g e s t e d  t i s s u e .  
The o rg a n ic  e x t r a c t s  w ere  com bined, t a k e n  to  d r y n e s a  u n d e r  a s t r e a m  
o f  n i t r o g e n  ( s e e  Appendix 2 ) ,  r e d l s s o l v e d  In  p e n ta n e ,  and s e p a r a t e d  In to  
two f r a c t i o n s  by column ch rom atog raphy  on s i l i c a  g e l .  The column was 
c a l i b r a t e d  w i th  s t a n d a r d s .  I t  was found  t h a t  t h e  f i r s t  f r a c t i o n  con­
t a in e d  a lk a n e s  and m o n o - o le f in s ,  t h e  second  f r a c t i o n  c o n ta in e d  a r o m a t l c s ,  
h ig h e r  o l e f i n s  and t h e  s u l f u r  compounds ( s e e  A ppendix  1) . I n  t h l a  
s tu d y ,  t h e  f i r s t  f r a c t i o n  w i l l  be  c a l l e d  th e  s a t u r a t e  o r  s a t u r a t e d  
f r a c t i o n ,  and t h e  seco n d  f r a c t i o n  t h e  a ro m a t ic  f r a c t i o n .  The f r a c t i o n s  
w ere  a n a ly z e d  by f lam e  i o n i z a t i o n  and f lam e  p h o to m e t r i c  g a s  c h ro m a to ­
g rap h y  and gas ch rom atography-m ass  s p e c t r o m e t r y  (GC-MS).
The h y d ro c a rb o n s  w ere  a n a ly z e d  on a 6 r column o f  1.5% 0V-17 
Chromosorb G AW-DMCS I n  a P e r k in  Elm er 900 Gas C hrom atograph  equ ipped  
w i th  a f lam e i o n i z a t i o n  d e t e c t o r .  The GC-MS a n a l y s i s  w ere  done on  a 
s i m i l a r  column I n  a V a r ta n  A erog raph  2700 g as  c h ro m a to g rap h  c o n n e c te d  
to  a DuPont 492b mass s p e c t r o m e te r  sy s te m .
The h y d ro c a rb o n  c o n c e n t r a t i o n s  o f  th e  sam p les  w e re  d e te rm in e d  
by com paring  peak a r e a s  from th e  g a s  chrom atogram s w i th  t h e  c o r r e s p o n d in g  
a r e a s  from known c o n c e n t r a t i o n s  o f  o i l  o r  h y d ro c a rb o n  s t a n d a r d s .
The s p e c t r a  o f  unknown compounds w ere  com pared w i th  th e  
s p e c t r a  l i s t e d  i n  th e  R e g i s t r y  o f  Mass S p e c t r a l  D a ta  (S te n h a g e n ,  e t  a l . ,
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1974) and  t e n t a t i v e  i d e n t i f i c a t i o n s  w e re  m ade. When p o s s i b l e  t e n t a t i v e  
i d e n t i f i c a t i o n s  w e re  c h e c k e d  by c o m p ar in g  th e  g a s  c h r o m a to g r a p h ic  
r e t e n t i o n  t i m e s  o f  unknowns w i t h  t h o s e  o f  known s t a n d a r d s .  The method 
o f  I d e n t i f i c a t i o n  i s  shown i n  t h e  t a b l e s  o f  t h e  r e s u l t s  s e c t i o n .
An I n v e r t e d  m a t r i x  c a l c u l a t i o n  and  t h e  SIGFFK 
p rog ram  ( w h ic h  s u p p l i e d  t h e  number o f  lonB f o r  ea c h  m ass  number i n  th e  
t o t a l  GC-MS ru n )  w ere  u se d  t o  c a l c u l a t e  th e  am ounts  o f  d i f f e r e n t  
s a t u r a t e d  compounds I n  t h e  s n a i l  s a m p le s .
T he  p e t r o - s u l f u r  compounds w e re  a n a ly z e d  on a 6 1 packed  column 
o f  2X SE—30 on C hrom osorb G—HP (8 0 -1 0 0  mesh) I n  a V a r l a n  m odel 2700 
g as  c h ro m a to g ra p h  f i t t e d  w i t h  a  T r a c o r  Flame P h o to m e t r i c  D e t e c t o r  
(FPD ). The c o n c e n t r e t i o n s  o f  p e t r o - s u l f u r  compounds w e re  d e te rm in e d  
from a c o m p a r is o n  o f  peak  a r e a s  I n  sa m p le  ch ro m a to g ram s  w i th  t h e  a r e a s  
from s t a n d a r d s .  T he  p e t r o - s u l f u r  compounds p r e s e n t  i n  t h e  o rg an ism  
sam p les  w e r e  i d e n t i f i e d  by c o m p a r is o n  o f  t h e i r  r e t e n t i o n  t im e s  w i th  
s t a n d a r d s ,
3 ,  S e d im e n t  S am ples
Num erous s e d im e n t  s a m p le s  w ere  o b t a i n e d  i n  t h e  Mud P o in t  
C reek  M arsh  d u r i n g  t h e  s t u d y  p e r i o d .  These  s a m p le s  a r e  p r e s e n t l y  b e in g  
e x t r a c t e d  a t  Exxon P r o d u c t i o n  R e s e a rc h  Co. I n  H o u s to n ,  T e x a s .  The 
a n a l y s i s  o f  t h e s e  s a m p le s  w i l l  a p p e a r  e l se w h w e re .  Two s e d im e n t  sam ples 
( a  s u r f a c e  sa m p le  from  t h e  Mud P o i n t  C reek  M arsh t a k e n  2 w eeks  a f t e r  
r e c o v e r y ,  and  a s u r f a c e  s a m p le  from  t h e  W h i t t a k e r  C re e k  M arsh) were 
e x t r a c t e d  and  a n a l y z e d  a t  t h i s  l a b o r a t o r y  f o r  c o m p a r is o n  w i t h  o rgan ism  
e x t r a c t s .  The e x t r a c t i o n  p r o c e d u r e  u se d  on t h e s e  s a m p le s  w ere  s i m i l a r  
t o  p r o c e d u r e s  u s e d  f o r  t h e  W h i t t a k e r  C reek  s a m p le s  ( d e s c r i b e d  a b o v e ) .
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In  t h e  p ro c e d u re  used  on th e se  two s a m p le s ,  h o w ev er ,  s e d im e n ts  w ere  
e x t r a c t e d  w ith  20!! b enzene  In  p e n ta n e  and a r o m a t i c  f r a c t i o n s  w are  
o b t a i n e d  and a n a ly z e d .
C, E r r o r a  and D i f f i c u l t i e s
Although th e  p r e s e n t  s tu d y  to o k  g r e a t  c a r e  to  m in im ize  
e r r o r s  th rough  l o s e ,  c o n ta m in a t io n ,  e t c . ,  t h e  a n a l y s t s  o f  s m a l l  am ounts 
of p e t ro le u m  compounds i n  o rgan ism s u n a v o id a b ly  I n c lu d e s  q u a l i t a t i v e  
and q u a n t i t a t i v e  e r r o r s .
W hile th e  i d e n t i f i c a t i o n  o f  unknowns h a s  b e e n  e x p e d i t e d  by 
com puter  I n t e r f a c e d  GC-MS, q u a l i t a t i v e  e r r o r s  may have  o r i g i n a t e d  
beca u se  many h y d ro ca rb o n  s ta n d a r d s  w ere  n o t  a v a i l a b l e ,  and b e c a u s e  o f  
l i m i t a t i o n s  o f  th e  r e s o l u t i o n  o f  t h e  g a s  c h r o m a to g r a p h ic  co lum n. Due 
to  t h e  enormous c o m p le x i ty  o f  o i l  (=*1.0x10^ compounds) many I n d i v i d u a l  
h y d ro c a rb o n  s t a n d a r d s  w ere  u n a v a i l a b l e .  T h is  m e an t t h a t ,  I n  many c a s e s ,  
th e  g a s  ch rom a tog raph ic  r e t e n t i o n  t im e  o f  unknowns c o u ld  n o t  a lw ays  
be c h ec k ed  a g a i n s t  known s t a n d a r d s .  In  a d d i t i o n  t h e  m ass s p e c t r a  o f  
many p e t ro le u m  compounds were n o t  I n c lu d e d  i n  t h e  R e g i s t r y  o f  Haas 
S p e c t r a l  D ata (S te n h a g e n ,  e t _ a l . , 1 9 7 4 ) .  F o r  t h i s  r e a s o n  some t e n t a t i v e  
i d e n t i t i e s  w ere fo f  n e c e s s i t y )  b a s e d  on c o m p a r is o n s  w i th  s i m i l a r  com­
pounds and n o t  w ith  an  a u t h e n t i c  s t a n d a r d .  A n o th e r  d i f f i c u l t y  e n c o u n te r e d  
In  t h e  i d e n t i f i c a t i o n  o f  compounds i n  o rg a n is m  e x t r a c t s  r e s u l t e d  from 
In a d e q u a te  s e p a r a t i o n  o f  compounds in  gas c h ro m a to g ra p h ic  columns o f  
low r e s o l u t i o n .  In  t h e  ex trem e, t h e  e x t r a c t  a p p e a re d  a lm o s t  c o m p le te ly  
u n r e s o lv e d .  N a t u r a l l y  th e  i d e n t i f i c a t i o n  o f  a p a r t i c u l a r  compound i n  
t h i s  complex m ix tu re  was p r e c lu d e d .  I n a d e q u a te  s e p a r a t i o n  by t h e  g a s  
c h ro m a to g rap h ic  column can  a l s o  r e s u l t  i n  th e  s u p e r  im p o s i t i o n  o f  p e a k s .
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The m ass  s p e c t r a  o f  t h e s e  c o m b in a t io n  p e a k s  ( tw o  o r  more com pounds) 
w ere  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  to  i n t e r p r e t *
E r r o r s  i n v o l v e d  I n  t h e  q u a n t i f i c a t i o n  o f  p e t r o l e u m  h y d r o c a r b o n s  
in  m a r in e  o rg a n is m s  may r e s u l t  from  low e f f i c i e n c y ,  n o n - r e p e a t i b l e  
e x t r a c t i o n  p r o c e d u r e s ,  i n t e r f e r e n c e  of I n d ig e n o u s  h y d r o c a r b o n s ,  and 
num erous m e th o d o lo g i c a l  i n c o n s i s t e n c i e s .
F a r r i n g t o n  and  K e d le r o s  (1975) e v a l u a t e d  some m e th o d s  o f  
a n a l y z i n g  p e t ro le u m  h y d ro c a rb o n s  i n  n a r ln e  o r g a n i s m s .  They e x t r a c t e d  
o i l  c o n ta m in a te d  c la m s  by s e v e r a l  m ethods and r e p o r t e d  t h e r e  was a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  th e  r e s u l t s  o f  V l r t i s  
h o m o g e n iz a t io n  v s . S o x h le t  and S o x h le t  v s . d i g e s t i o n  m e th o d s .  They 
I n d i c a t e d  t h a t  t h e  d i f f e r e n c e  be tw een  th e  m e th o d s  was s m a l l  and  w ould  
o n ly  b e  n o t i c e d  i f  num erous r e p l i c a t e  m e a su re m e n ts  w e re  m ade. When 
th e y  s p ik e d  u n c o n ta rn in a te d  clam  t i s s u e  w i t h  No. 2 f u e l  o i l  th e y  fo u n d  
t h e r e  was a l o s s  o f  r o u g h ly  303! o f  the  f u e l  o i l .  T h i s  was b e l i e v e d  
to  r e s u l t  from t h e  l o s s  o f  th e  m ore  v o l a t i l e  compoments o f  t h e  N o. 2 
f u e l  o i l  d u r in g  t h e  e v a p o r a t i o n  and  c o n c e n t r a t i o n  p r o c e d u r e .
B la y lo c k ,  e t  a l .  (1973 )  s tu d i e d  t h e  e x t r a c t i o n  o f  p e t r o l e u m  
h y d r o c a rb o n s  from  m a r i n e  t i s s u e s .  They recommended a p r o c e d u r e  t h a t  
s a p o n i f i e d  the  t i s s u e  w i th  e t h a n o l i c  KOH. The h y d r o c a r b o n s  w e re  th e n  
rem oved from  th e  m i x t u r e  by r e p e a t e d  s e p a r a t o r y  f u n n e l  e x t r a c t i o n s  w i t h  
h e x a n e .  The h e x a n e  e x t r a c t s  w e re  then  com bined and  w ashed  a t  l e a s t  
t h r e e  t im e s  w i th  l a r g e  volum es o f  w a te r  to  rem ove s o l i d s  and  r e s i d u a l  
a l c o h o l .  They t e s t e d  t h e  p r o c e d u r e  on c lam  t i s s u e  s p ik e d  w i t h  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  h y d ro c a rb o n  s t a n d a i d s .  The m ost e f f i c i e n t  and co n ­
s i s t e n t  r e c o v e r i e s  o c c u r r e d  a t  h i g h  c o n c e n t r a t i o n s  w i t h  s a t u r a t e d  
h y d ro c a rb o n  s t a n d a r d s ,  b u t  even  a t  law c o n c e n t r a t i o n s  . 0 0 - . 0 5  ]j|g/g
26
(w e t  w e i g h t )  r e c o v e r i e s  w e re  good . B ec a u se  o f  t h e  good r e p o r t e d  
r e c o v e r y ,  t h e  p r e s e n t  s t u d y  a t t e m p t e d  t o  u s e  t h i s  p r o c e d u r e .  When 
s t a n d a r d s  w e re  t a k e n  th r o u g h  th e  p r o c e d u r e ,  how ever,  g r e a t  l o s s e s  o f  
t h e  h y d r o c a r b o n  s t a n d a r d s  ( p a r t i c u l a r l y  a r o m a t l c s )  o c c u r r e d .  The 
m a jo r  l o s s  o f  t h e s e  compounds seem ed t o  be  In  th e  w a te r  w a sh in g  s t e p .
W arner (1 9 7 5 )  r e p o r t e d  a p r o c e d u r e  t h a t  he u se d  to  e x t r a c t  
and  I s o l a t e  p e t r o l e u m  h y d r o c a r b o n s  and  p e t r o - s u l f u r  compounds from 
m a r in e  t i s s u e s .  T he  d e t a i l s  and t h e  e f f i c i e n c y  o f  t h e  p ro c e d u re *  
h o w ev er ,  w e re  n o t  p u b l i s h e d  u n t i l  l a t e r  (W a rn e r ,  19 7 6 ) .  H is  p r o c e d u r e  
u s e s  a q u e o u s  c a u s t i c  d i g e s t i o n  o f  t h e  t i s s u e s  i n  a g l a s s  c e n t r i f u g e  
tu b e  w h ich  was f i t t e d  w i t h  a  T e f l o n  l i n e d  s c re w  c a p .  Both  t h e  d i g e s t i o n  
and  e t h y l  e t h e r  e x t r a c t i o n  s t e p s  w e re  c a r r i e d  o u t  In  th e  c l o s e d  
c e n t r i f u g e  t u b e .  T he  a d v a n t a g e s  o f  t h i s  p r o c e d u r e  w ere : no w a t e r
w a s h in g s  o f  t h e  o r g a n i c  e x t r a c t s  w e re  n e c e s s a r y ,  l o s s  o f  v o l a t i l e  
compounds was r e d u c e d ,  and  t h e  am ount o f  g l a s s w a r e  (a lw a y s  a s o u r c e  
o f  p o s s i b l e  c o n t a m i n a t i o n )  was r e d u c e d .  T he p r o c e d u r a l  e f f i c i e n c y  was 
r e p o r t e d  f o r  h y d r o c a r b o n  s t a n d a r d s  ad d ed  t o  o y s t e r  t i s s u e  a t  d i f f e r e n t  
c o n c e n t r a t i o n s  and  f o r  o i l  c o n ta m in a te d  s a m p le s  w here  t h e  o i l  w as 
a c t u a l l y  I n c o r p o r a t e d  I n t o  t h e  t i s s u e .  From th e  s p ik e d  o y s t e r  t i s s u e  
t h e  r e c o v e r i e s  a v e r a g e d  80S w i th  a n  a v e r a g e  d e v i a t i o n  o f  201 . At low 
c o n c e n t r a t i o n s  ( . 1  yig/g) t h e  r e c o v e r i e s  w e re  u s u a l l y  above 5 01 .  B e t t e r  
and  m ore c o n s i s t e n t  r e c o v e r i e s  w e re  r e p o r t e d  f o r  s a t u r a t e d  h y d ro c a rb o n s  
th a n  f o r  a r o m a t l c s .  The e x t r a c t i o n s  o f  o i l  c o n ta m in a te d  t i s s u e  showed 
r e c o v e r i e s  t h a t  w e re  u s u a l l y  above  7 01 .  The e x t r a c t i o n  e f f i c i e n c i e s  
d i d  n o t  d ro p  o f f  u n t i l  t h e  h y d r o c a r b o n  l e v e l  was below  .1  l i f t /g .  W a r n e r ' s  
(1976 )  p r o c e d u r e  I s  h i g h l y  recommended f o r  f u t u r e  work b e c a u s e  i t  re d u c e s  
t h e  p o s s i b i l i t i e s  o f  c o n t a m i n a t i o n ,  and  e x t r a c t s  lo w e r  m o l e c u l a r  w e ig h t  
a l k a n e s  and  a r o m a t i c  h y d r o c a r b o n s  w i t h  r e l a t i v e l y  h ig h  e f f i c i e n c y .
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U n f o r t u n a t e l y  t h e  d e t a i l s  o f  t h e  p r o c e d u r e  an d  th e  p r o c e d u r a l  e f f i c i e n c y  
w ere  n o t  p u b l i s h e d  u n t i l  t h e  p r e s e n t  s t u d i e s 1 l a b o r a t o r y  work had  b e e n  
c o m p l e t e d .
The p r e s e n t  s t u d y  d e te rm in e d  t h e  e f f i c i e n c y  o f  t h e  e x t r a c t i o n  
p r o c e d u r e  by s p i k i n g  u n c o n ta m in a te d  o y s t e r  t i s s u e  w i t h  known c o n c e n t r a t i o n s  
o f  p e t r o l e u m  com pounds. T h e se  s p ik e d  s a m p le s  w e re  th e n  t a k e n  th r o u g h  
t h e  p r o c e d u r e  u se d  o n  c o n ta m in a te d  o r g a n i s m s .  The r e s u l t s  o f  t h i s  
s tu d y  a p p e a r  i n  T a b le  3 .  The e f f i c i e n c y  o f  t h e  p r o c e d u r e  was low  f o r  
t h e  l o w e r  m o l e c u l a r  w e i g h t  compounds ( e s p e c i a l l y  t h e  lo w er  m o l e c u l a r  
w e ig h t  a r o m a t i c a ) . T h i s  p ro b a b ly  r e s u l t e d  from  l o s s e s  i n  t h e  r e f l u x ,  
volum e r e d u c t i o n ,  and  co lum n c h r o m a to g r a p h ic  s t e p s  (A p p en d ix  1 and  2 ) .
F o r  t h e  h ig h e T  m o l e c u l a r  w e ig h t  h y d ro c a rb o n  compounds and  f o r  t h e  
d i b e n z o t h l o p h e n e  t h e  p r o c e d u r a l  e f f i c i e n c i e s  and t h e  r e p e a t i b i l i t y  
w e re  much Im p ro v ed .  One s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  from  t h e  r e t u r n  
o f  p r i s t a n e ,  p h e n a n t h r e n e ,  and from t h e  s e p a r a t i o n  o f  th e  d o s in g  o i l  
w e re  u s e d  t o  com pute  e r r o r  b a r s  f o r  t h e  f i g u r e s .  The c o n c e n t r a t i o n  o f  
compounds In  e x t r a c t s  c o u l d  be  m u l t i p l i e d  by a  c o r r e c t i o n  t e rm ,  b a s e d  
on t h e  p r o c e d u r a l  e f f i c i e n c y  f o r  th e  s t a n d a r d  in  t h a t  m o l e c u l a r  w e i g h t  
r a n g e .  T h i s  w ould  g i v e  an  e s t i m a t e  o f  t h e  o r i g i n a l  c o n t e n t  o f  t h e  
h y d r o c a r b o n  In  t h e  o r g a n i s m .  I n  t h e  p r e s e n t  s t u d y  t h i s  was n o t  d o n e  
b e c a u s e  I t  I s  e a s i e r  t o  e x t r a c t  added s t a n d a r d s  t h a n  i n c o r p o r a t e d  
h y d r o c a r b o n s  from  t l B s u e .  I t  seemed l i k e l y ,  t h e n ,  t h a t  i f  c o r r e c t i o n  
te rm s  ( b a s e d  on th e  r e t u r n  o f  added s t a n d a r d s )  w e re  u s e d  t h e y  c o u l d  
i n t r o d u c e  an  e r r o r  by a s su m in g  t h a t  t h e  p r o c e d u r a l  e f f i c i e n c y  f o r  
c o n t a m in a te d  t i s s u e  w as  h i g h e r  th a n  I t  w a s .  I n  t h i s  r e g a r d ,  t h e  c o n ­
c e n t r a t i o n s  r e p o r t e d  I n  t h e  r e s u l t s  s e c t i o n s  s h o u ld  be  c o n s i d e r e d  
minimum c o n c e n t r a t i o n s  a n d  sh o u ld  be  p r e c e d e d  by t h e  w ords  " a t  l e a s t " »
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In  d o s in g  s t u d i e s  I t  i s  n e c e s s a r y  to  know th e  h y d ro ca rb o n  
co n ten t  o f  t h e  e x p e r im e n ta l  o rg an ism s  p r i o r  t o  th e  b e g in n in g  o f  d o s in g .  
This  i s  n e c e s s a r y  beca u se  th e  background  h y d ro c a rb o n s  t h a t  a r e  p r e s e n t  
i n  the o rg an ism s  can mask th e  h y d ro c a rb o n s  a cc u m u la ted  d u r in g  t h e  
dosing  e x p e r im e n ts  and i n t e r f e r e  w i th  t h e i r  a n a l y s i s .  T h is  I n t e r ­
fe re n c e  becomes i n c r e a s i n g l y  s i g n i f i c a n t  when th e  o rg a n is m s '  c o n t e n t  
o f  do s in g  h y d ro ca rb o n s  i s  low. In  th e s e  c a s e s  th e  h y d ro c a rb o n s  from 
th e  dosing  o i l  can  be c o m p le te ly  masked by t h e  background  h y d ro c a rb o n s  
from th e  o rg a n ism s  and a n a l y s i s  o f  t h e  d o s in g  h y d ro ca rb o n s  i s  p r e c lu d e d  
There a re  two s o u rc e s  f o r  th e s e  i n t e r f e r i n g  background  h y d ro c a rb o n s .
The f i r s t  i s  t h e  b io g e n ic  h y d ro c a rb o n s  o f  t h e  o rg a n ism s ;  t h e  second  
r e s u l t s  from p e t ro le u m  p o l l u t i o n .  A lth o u g h  t h e  m o le c u la r  w e ig h t  
d i s t r i b u t i o n  o f  b io g e n ic  h y d ro ca rb o n s  i s  u s u a l l y  narrow  compared w i th  
the  d i s t r i b u t i o n  o f  h y d ro ca rb o n s  in  p e t ro le u m  ( F a r r in g to n  and Q uinn, 
1973}, th e  g a s  ch ro m a to g ra p h ic  p e a k s  from th e  b io g e n ic  h y d ro c a rb o n s  
can mask peaks  from d o s in g  o i l  h y d ro c a rb o n s .  S i m i l a r l y  th e  o rg a n is m s  
c o n te n t  o f  p o l l u t a n t  background h y d ro c a rb o n s  (ac c u m u la te d  p r i o r  t o  th e  
dosing  e x p e r im e n ts )  can  a l s o  I n t e r f e r e  w i th  a n a l y s i s  o f  h y d ro c a rb o n s  
used in  th e  d o s in g .  When ch o o s in g  o rg an ism s  f o r  d o s in g  e x p e r im e n t s ,  
th e n ,  i t  i s  im p o r ta n t  Co s e l e c t  o rg a n ism s  from " c l e a n "  a r e a s  so t h a t  
th e  i n t e r f e r e n c e  o f  background  p o l l u t a n t  h y d ro c a rb o n s  w i th  th e  d o s in g  
hydrocarbons  l a  m in im al.  F a r r in g t o n  and M edle ros  (1975) n o te d  th e  
in f lu e n c e  t h a t  h ig h  background l e v e l s  of h y d ro c a rb o n s  had on th e  
i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  an added s ta n d a r d  in  clam t i s s u e s .  
B laylock, e t  a l .  (1973) d e te rm in e d  minimum d e t e c t a b l e  l e v e l s  o f  hy d ro ­
carbons in  c lam s based  upon th e  m ask ing  e f f e c t  in d ig e n o u s  h y d ro c a rb o n s  
had on an added s p ik e .  They found .08  t o  .1 5  ub / b (wet w e ig h t )  f o r
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n - a lk a n e a  and  . 0 3 - . 0 4  p g /g  (wet w e ig h t )  f o r  m e th y ln a p h th a le n e a  w are  
minimum d e t e c t a b l e  l e v e l s  f o r  th e  c lam  t i s s u e .  W arner (1976) r e p o r t e d  
t h a t  h i s  p ro c e d u r e  can d e t e c t  i n d i v i d u a l  h y d ro c a rb o n s  In  m a rin e  o rgan ism s  
a t  l e v e l s  down to  .01  lJg/g- He r e p o r t e d ,  how ever,  th e  p r e s e n c e  o f  
I n t e r f e r i n g  b io g e n ic  h y d ro c a rb o n s  made I t  I m p o s s ib le  to  d e t e c t  p e t ro le u m  
c o n ta m in a t io n  a t  l e v e l s  a s  low a s  a  few lJg/g-
The p r e s e n t  s tu d y  found o n ly  s l i g h t  I n t e r f e r e n c e  w i th  a n a l y s i s  
r e s u l t i n g  from h y d ro c a rb o n s  t h a t  w ere  p r e s e n t  In  th e  o rg an ism s  p r i o r  
to  th e  e x p e r i m e n t a l  d o s in g .  C o n t r o l  o rg an ism s  showed low c o n t e n t s  o f  
h y d ro c a rb o n s ,  w hich p r o b a b ly  r e f l e c t e d  th e  low l e v e l  o f  p e t ro le u m  
p o l l u t i o n  In  th e  a r e a .  In  a d d i t i o n ,  th e  m o le c u la r  w e ig h t  d i s t r i b u t i o n s  
o f  the  h y d ro c a rb o n s  p r e s e n t  In  t h e  c o n t r o l  o rg a n ism s  were such  t h a t  
th ey  e lu d e d  a t  d i f f e r e n t  t im es  th a n  most o f  th e  p e t ro le u m  compounds 
from th e  d o s in g  o i l  and In  g e n e r a l  d id  n o t  I n t e r f e r e  w i th  gas  ch rom ato ­
g r a p h ic  a n a l y s i s .
I n  a d d i t i o n  to  b e in g  s u b j e c t  t o  e r r o r  from low e x t r a c t i o n  
and p r o c e d u r a l  e f f i c i e n c i e s ,  and from  t h e  I n t e r f e r e n c e  o f  I n d ig e n o u s  
h y d r o c a r b o n s ,  t h e  q u a n t i t a t i v e  m easu rem en ts  s u f f e r e d  from  e r r o r s  
I n t r o d u c e d  d u r in g  p la n im e t r y  o f  t h e  ch rom atogram s. T h is  s tu d y  found 
t h a t  a r e a s  m easured  by th e  p l a n l m e t e r  were r e p e a t l b l e  to  + .002 u n i t s .
F o r  l a r g e r  p eak s  t h i s  e r r o r  was n o t  s i g n i f i c a n t ,  b u t  becomes s i g n i f i c a n t  
when s m a l l  p eak s  w ere  m e asu re d .  I n  th e  t a b l e s  p eak s  w here th e  p la n lm e te r  
e r r o r  may be >253C ( a r e a  o f  peak  < .0 0 6 )  a r e  fo l lo w e d  by a  Z I n d i c a t i n g  
t h a t  t h i s  r e s u l t  I s  s u b j e c t  t o  some q u e s t i o n .
O th e r  e r r o r s  In v o lv e d  in  d e te r m in in g  t h e  volume and w e ig h t  
o f  e x t r a c t s ,  and  from g a s  c h ro m a to g ra p h ic  a n a l y s i s  may c o n t r i b u t e  
a d d i t i o n a l ,  y e t  u n d e te rm in e d  e r r o r s .  I t  s h o u ld  be m e n t io n e d ,  how ever,
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t h a t  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y  g r e a t  c a r e  w as  t a k e n  to  k e e p  p r o ­
c e d u r e s  a s  c o n s i s t e n t  a s  p o s s i b l e .  T h is  c a r e  k e p t  t h e s e  e r r o r s  a t  a 
minimum and r e d u c e d  th e  p o s s i b i l i t y  of c o n t a m i n a t i o n .
WHITTAKER CREEK MARSH -  STUDY I
The f i r s t  m arsh  d o s i n g  s tu d y  exam ined  some o f  t h e  c o n s e q u e n c e s  
r e s u l t i n g  from  c o n ta m in a t io n  o f  a s a l t  m arsh  by r e p e a t e d  s p i l l a g e s  o f  
No. 2 f u e l  o i l .  I n  p a r t i c u l a r  t h e  d i s t r i b u t i o n  and  a g i n g  of o i l  In  
th e  m arsh s e d im e n t ,  and th e  im p a c t  o f  o i l  on m a rsh  g r a s s e s  w ere  s t u d i e d .
F r e q u e n t ly  o i l  r e l e a s e d  I n t o  t h e  m a r in e  e n v i ro n m e n t  I s  d e p o s i t e d  
In  s a l t  m arsh  s e d im e n t s .  C o n s e q u e n t ly  s t u d i e s  have  exam ined  t h e  h y d r o -  
c a rb o n  c o n t e n t  o f  c o n ta m in a te d  m a rsh  s e d im e n ts  (B u m s  and  T e a l ,  1971; 
L y t l e ,  19 7 5 ) ,  These  s t u d i e s  d e t e r m in e d  t h e  c o n c e n t r a t i o n  o f  o i l  h y d ro ­
c a rb o n s  i n  sed im en t  s a m p l e s , and exam ined  th e  d e g r a d a t i o n  o f  a l k a n e  
h y d ro c a rb o n  in  sam p les  by d e t e r m in i n g  t h e  r a t i o s  o f  s t r a i g h t  c h a i n  
a l k a n e s  to  b ran ch e d  i s o p r e n o l d s -  T hese  m a rsh  s t u d i e s ,  h o w ev er ,  exam ined  
o n ly  a few sed im en t  s a m p le s  t o  c h a r a c t e r i z e  t h e  m a rs h e s  and  no a t t e m p t  
was made to  d e te rm in e  t h e  d i s t r i b u t i o n  o f  h y d r o c a r b o n s  i n  t h e  m a rsh .
The im p o r ta n c e  o f  m a rs h  g r a s s e s ,  p a r t i c u l a r l y  th e  d o m in an t  
S p a r t j n a s  s p p . ,  t o  m a rsh  and e s t u a r i n e  e c o s y s t e m s ,  and  t h e  v a l u e  o f  
t h e s e  p l a n t s  f o r  e r o s l o n a l  s t a b i l i z a t i o n  a r e  w a l l  known. S in c e  a c c i d e n t a l  
s p i l l a g e s  of o i l  f r e q u e n t l y  c o n t a c t  t h e s e  i n t e r t i d a l  p l a n t s ,  s e v e r a l  
s t u d i e s  have exam ined t h e  e f f e c t s  o f  p e t r o l e u m  on them . M ackin (1950) 
r e p o r t e d  t h a t  a heavy s i n g l e  a p p l i c a t i o n  o f  c r u d e  o i l  o n  th e  s a l t  m arsh  
g r a s s ,  D i a t i c h l l s  s p i c a t a ,  r e s u l t e d  i n  201 m o r t a l i t y  o f  t h e  g r a s s  a f t e r  
two m o n th s ,  and  9QI m o r t a l i t y  o f  t h e  g r a s s  a t  t h e  e n d  o f  one  y e a r .  At 
lo w er  c o n c e n t r a t i o n s  o f  o i l  no m o r t a l i t y  o f  t h e  g r a s s  was o b s e r v e d .  At
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t h e  lo w e r  c o n c e n t r a t i o n ,  a  m ore  v i g o r o u s  g ro w th  o f  t h e  g r a s s  was n o t i c e d ,  
and  was a t t r i b u t e d  t o  a  f e r t i l i z i n g  e f f e c t  o f  t h e  o i l .  C o w e ll  (1969 )  
ex am in ed  t h e  e f f e c t s  o f  c ru d e  o i l  s p l i t  from  t h e  t a n k e r s ,  T o r r e y  Canyon 
and  C h r y s s i  .P. G o u la n d r la ,  on s a l t  m a rsh  p l a n t s .  He found  e x t e n s i v e  
damage (7 5 -1 0 0 1  m o r t a l i t y )  t o  S.  tow ns end  11 and P u c c l n e l l a  m a r i t i m a .
He r e p o r t e d  t h a t  damage from  f r e s h  c ru d e  was much m ore s e v e r e  t h a n  from 
w e a th e r e d  o i l .  S t e b b i n g s  (1 9 7 0 )  docum ented  t h e  r e c o v e r y  o f  s a l t  m a rs h e s  
f o l l o w i n g  p o l l u t i o n  by c r u d e  o i l  from  t h e  T o r r e y  C anyon , M ost m arsh  
p l a n t  s p e c i e s  w e re  o b s e r v e d  t o  s u r v i v e  a l l  b u t  t h e  h e a v i e s t  c o n t a m i n a t i o n .  
Thomas (1973) o b s e r v e d  t h a t  J>. a l t e r n l f l o r a  s u f f e r e d  e x t e n s i v e  m o r t a l i t i e s  
a s  a  r e s u l t  o f  c o n t a m i n a t i o n  w i t h  a  Bunker C o i l .  L y t l e  (1975 )  r e p o r t e d  
t h a t  t h e  e f f e c t s  o f  a  s i n g l e  d o s e  o f  c ru d e  o i l  on m a rs h  p l a n t s  seemed 
t o  b e  s h o r t  l i v e d .  B a k e r  (1 9 7 1 a )  found  t h a t  m a rs h  g r a s s e s  r e c o v e r e d  
w e l l  f ro m  a  s i n g l e  o i l  s p i l l a g e  and  exam ined  t h e  e f f e c t s  o f  o i l  d o s in g  
on m a rsh  g r a s s e s  a t  d i f f e r e n t  s e a s o n s  (B a k e r ,  1 9 7 1 b ) .  She r e p o r t e d  
l i t t l e  damage t o  p e r e n n i a l  s p e c i e s  f ro m  one  a p p l i c a t i o n ,  b u t  a n n u a l  
s p e c i e s  w e re  s e v e r e l y  damaged by summer s p r a y i n g .  I n  a n o t h e r  s tu d y  
( B a k e r ,  1 9 7 l d ) ,  s h e  found  t h a t  I n  some c a s e s  t h e r e  w e re  s t a t i s t i c a l l y  
s i g n i f i c a n t  I n c r e a s e s  In  s h o o t  l e n g t h s  and In  d r y  w e ig h t s  o f  m a rs h  
g r a s s e s  f o l l o w i n g  a  s i n g l e  o i l  p o l l u t i o n  I n c i d e n t .
S u c c e s s i v e  o i l  s p i l l s  h a v e  been  fo u n d  t o  c a u s e  c o n s i d e r a b l e  
damage t o  s a l t  m a rsh  g r a s s e s .  M ackin  (1 9 5 0 )  fo u n d  t h a t  r e p e a t e d  
a p p l i c a t i o n  o f  s m a l l  am oun ts  o f  c ru d e  o i l  on t h e  s a l t  m arsh  g r a s s ,  
s p i c a t a , c a u s e d  d e a t h  o f  t h e  g r a s s ,  Nadeau and  Roush (19 7 3 )  d o s e d  a 
s m a l l  m icrocosm  w i t h  t h r e e  l i g h t  d o s e s  o f  No. 2 f u e l  o i l  and  o b s e r v e d  
no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  g ro w th  o f  S_. a l t e r n l f l o r a . p a t e n s , 
o r  D. s p i c a t a  d u r i n g  m ost o f  t h e  g ro w in g  s e a s o n .  T h e s e  r e s u l t s  a g r e e
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w ith  th o s e  o f  Baker (1971b) who exam ined th e  e f f e c t s  of s u c c e s s iv e  
s p i l l a g e s  o f  o i l  on s a l t  marsh v e g e t a t i o n .  In  g e n e r a l ,  she found 
th a t  r e c o v e ry  from up to  f o u r  o l l t n g s  was good, b u t  more d o s ln g s  
r e s u l t e d  in  a r a p id  d e c l i n e  of t h e  v e g e t a t i o n .
Some s t u d i e s  have examined th e  c o n ta m in a t io n  of marsh g r a s s e s  
by f u e l  o i l .  B um s and t e a l  (1971) exam ined th e  c o n c e n t r a t i o n  o f  No.
2 f u e l  o i l  h y d roca rbons  in  j>. a l t e r n l f l o r a  f o l lo w in g  th e  s p i l l  a t  
West Falm outh . They found t h a t  th e  j i ,  a l t e r n l f l o r a  took  up t h e  f u e l  
o i l ,  bu t  the  p a r t s  o f  th e  p l a n t s  examined w ere n o t  s p e c i f i e d .  L y t l e  
(1975) found e v id e n c e  o f  p e t ro le u m  c o n ta m in a t io n  of le a v e s  and s tem s  
and r o o t  system s o f  J5. a l t e r n l f l o r a  exposed  to  c ru d e  o i l .
In  th e  p r e s e n t  s tu d y  a map was drawn to  show th e  d i s t r i b u t i o n
of o i l  in  s u r f a c e  s e d lm e n ta ,  t h e  d e p th  o f  p e n e t r a t i o n  o f  o i l  i n  t h e  
sed im en t Was d e te rm in e d ,  and th e  a g in g  o f  th e  s a t u r a t e  f r a c t i o n  in  
aed lm ent sam ples was examined.
The im pact o f  s u c c e s s iv e  s m a l l  s p i l l a g e s  o f  No. 2 f u e l  o i l  
on s a l t  m arsh g r a s s e s  was examined by s tu d y in g  th e  p ro d u c t io n  o f  t h e  
g r a s s e s ,  and th e  c o n ta m in a t io n  o f  th e  g r a s s  by o i l .  In  a d d i t i o n  a
secondary  e f f e c t  o f  th e  o i l ,  th e  e r o s i o n  o f  m arsh sed im en t a s  a r e s u l t
of g r a s s  m o r t a l i t y  was exam ined. The r e s u l t s  o f  th e s e  s t u d i e s  w e re  
used to  a s s e s s  th e  im pact o f  r e p e a te d  s p i l l a g e s  of o i l  on th e  s a l t  
marsh en v iro n m en t .
Methods
The f i r s t  e x p e r im e n ta l  d o s in g  o c c u r re d  i n  th e  Whit t a k e r  C reek  
Marsh ( e x p e r im e n ta l  K arsh  I )  on November 1, 1973. T h is  d o s in g  was 45 
l i t e r s  o f  a No. 2 ~ fu e l  o i l  w hich had been  o b ta in e d  from a l o c a l  d l s -
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t r l b u t o r .  The o i l  was s ip h o n e d  o n to  t h e  w a t e r  s u r f a c e  I n  t h e  c h a n n e l  
d u r in g  low s l a c k  t i d e  and a l lo w ed  to  e n t e r  t h e  m a rsh  w i t h  t h e  f l o o d i n g  
t i d e .  S im i la r  d o s ln g s  w ere  made b im o n th ly  u n t i l  A ugust 10, 1 9 7 4 . The 
t o t a l  amount o f  o i l  a p p l i e d  to  t h e  m a rsh es  and t h e  d o s in g  r a t e  a r e  
shown in  T ab le  5. S in c e  t h e  o i l  was o b t a i n e d  from  a d i s t r i b u t o r  p r i o r  
to  e a c h  d o s in g ,  th e  c h a r a c t e r i s t i c s  o f  t h e  o i l  p r o b a b ly  v a r i e d  o v e r  th e  
d o s in g  p e r io d .  The W h i t t a k e r  Creek S tu d y ,  h o w ev er ,  c o n c e n t r a t e d  on 
th e  d i s t r i b u t i o n  o f  o i l  i n  the  m arsh and on t h e  e f f e c t s  o f  o i l  o n  
m arsh  g r a s s e s .  C o n s e q u e n t ly ,  t h e  s m a l l  v a r i a t i o n s  i n  t h e  o i l  t y p e  w ere  
p r o b a b ly  no t  p a r t i c u l a r l y  s i g n i f i c a n t .
1 ,  Sedlm ents
S u r fa c e  s e d im e n t  (0 -1 0  cm) sam p les  w e re  t a k e n  i n  t h e  m arsh  
t h r e e  weeks a f t e r  t h e  l a s t  o i l  d o s in g ,  At l o c a t i o n  Ho. 1 ( F i g u r e  5) 
s u r f a c e  sed im ent s am p les  w ere o b ta in e d  3 ,  8 a n d  19 weeks a f t e r  t h e  
l a s t  d o s in g .  Core sam ples  w ere ta k en  a t  s e v e r a l  l o c a t i o n s  i n  th e  
m arsh 6 weeks a f t e r  t h e  l a s t  d o s in g  ( F ig u r e  5 ) .  C o n t r o l  s a m p le s  w e re  
o b t a i n e d  from Goat P o i n t  C reek  M arsh. M ethods  o f  o b t a i n i n g  t h e  s e d im e n t  
s a m p le s ,  and th e  a n a l y t i c a l  methods used  t o  e x t r a c t  and c h a r a c t e r i z e  
t h e  sam p le s  a r e  d e s c r i b e d  i n  th e  a n a l y t i c a l  s e c t i o n .
2 .  G rassea
The Coat P o i n t  C reek  Marsh ( c o n t r o l )  and  W h i t t a k e r  C re e k  
M arsh w ere  su rv ey ed  a t  r e g u l a r  i n t e r v a l s  t h r o u g h o u t  t h e  s tu d y  p e r i o d  
u s i n g  a  p la n e  t a b l e  and  an  s l e d a d e .  From t h e s e  s u r v e y s  maps o f  t h e  
g r a s s  zones  in  th e  m a rs h e s  w ere  made. T h e s e  maps w ere  u se d  t o  d e t e r m in e  
c h an g e s  i n  the  e x t e n t  o f  t h e  m arah g r a s s  z o n e s  d u r in g  t h e  s t u d y .  A e r i a l  












o f  t h e  s u rv e y s  and to  document e r o a i o n a l  and d e p o s i t i o n a l  p r o c e s s e s .
The p ro d u c t io n  o f  m arsh  g r a s s e s  was d e te rm in e d  from  0.1 
q u a d r a t  sam ples t h a t  w ere ta k e n  m onthly  I n  b o th  t h e  c o n t r o l  and e x p e r i ­
m e n ta l  m a rsh e s .  Sampling l o c a t i o n s  w ere random ized  w i t h i n  e a c h  g r a s s  
z o n e ,  and th e  above g round p o r t i o n  o f  t h e  g r a s s  was c l i p p e d .  The 
g r a s s  sam ples w ere s o r t e d  i n t o  l i v i n g  and  dead m a t e r i a l ,  m easu red ,  and  
d r i e d  to  c o n s t a n t  w eigh t a t  1QQ°C. P r o d u c t io n  o f  t h e  fo u r  dominant 
g r a s s e s  (£ .^ a l t e r n l f l o r a , Ju n cu s  r o m e r la n u s . p a t e n s , and D l s t l c h l i a  
s p i c a t a ) in  th e  marshes was c a l c u l a t e d  by summing th e  n e t  I n c r e a s e s  
o v e r  each  sam p lin g  p e r io d  (S m a l le y ,  19 5 9 ) .  I n  t h e  c a l c u l a t i o n s  a 
c o r r e c t i o n  f o r  t h e  l o s s  o f  dead m a t e r i a l  was o b ta in e d  from l i t t e r  bag  
e x p e r im e n ts .  These n y lo n  bags ( 1 .0  mm s t r e t c h  mesh) w ere f i l l e d  w i th  
a  s m a l l  sam ple  { ~ 10 gram s) o f  p l a n t  m a t e r i a l  from  t h e  p r e v io u s  months 
dead  s t a n d i n g  c ro p .  A f t e r  th e  bags  w ere w e ig h e d ,  th e y  w ere s ta k e d  In  
th e  m arsh f o r  t h r e e  months th e n  removed and w e ig h ed .  An a p p r o p r i a t e  
c o r r e c t i o n  was UBed in  t h e  c a l c u l a t i o n  o f  th e  p r o d u c t i o n  o f  t h e  g r a s s e s .
An a r e a  th a t  had  r e c e i v e d  heavy o i l  d o s a g e s  d u r in g  the  
e x p e r im e n ta l  p e r io d  was chosen  f o r  a  s tu d y  on th e  c o n ta m in a t io n  of S_. 
a l t e r n l f l o r a  by pe tro leum  h y d ro c a rb o n s .  F o r  s a m p l in g  p u rp o s e s  an 
a t t e m p t  was made to  d e f in e  l i v i n g  and dead  g r a s s  a r e a s .  I n  th e  l i v e  
a r e a  th e  l e a v e s  and Btems o f  S p a r t l n a  w ere  s t a n d i n g  and new growth 
from  th e  r o o t s  was e v i d e n t .  I n  th e  dead a r e a  t h e  s tem s and  le a v e s  o f  
th e  g r a s s  had been k i l l e d  by t h e  o i l  and washed from  th e  a r e a  by t i d a l  
a c t i o n .  No new growth was o b s e rv e d  from  th e  r o o t  sy s tem s  a t  t h i s  
l o c a t i o n .  Samples o f  t h e  u nderg round  p o r t i o n s  o f  t h e  p l a n t s  were 
o b t a i n e d  a t  t h e  " l i v e ” and  " d e a d ” l o c a t i o n s  2 m o n th s ,  5*s m onths, and 
7*j m onths a f t e r  th e  l a s t  o i l  d o s in g .  Sam ples  o f  u n c o n ta m in a te d  Spar t i n s
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w ere o b t a i n e d  from the  c o n t r o l  m arsh . Sed im en t c o r e s  w ere  o b t a i n e d  
a t  t h e  g r a s s  s a m p l in g  s i t e s  a t  5h m onths.
At t h e  s t a r t  o f  t h e  new grow ing  s e a s o n  a  sam ple  o f  l i v i n g  
r o o t  s y s te m s  was o b ta in e d  by f o l l o w in g  new s h o o t s  I n t o  t h e  s e d im e n t  
and c o l l e c t i n g  th e  r o o t  s y s te m s  c o n n e c te d  t o  l i v i n g  p l a n t s .
The m ethods o f  a n a l y s i s  f o r  h y d ro c a rb o n s  In  t h e  g r a s s  and 
s e d im e n t  s am p les  a r e  d e s c r ib e d  In  t h e  a n a l y t i c a l  s e c t i o n .
R e s u l t s
1 .  S ed im en ts
F ig u r e  6 I s  a c o n t o u r  map o f  th e  c o n c e n t r a t i o n  o f  f r a c t i o n  1 
( o i l  s a t u r a t e s )  e x t r a c t e d  from  W h i t ta k e r  C reek  H arsh  s e d im e n t  sam p les  
o b t a i n e d  3 weeks a f t e r  th e  l a s t  o i l i n g .  The c o n c e n t r a t i o n s  w e re  h ig h  
in  th e  t h r e e  c o m e r s  o f  th e  m a rs h ,  b u t  r e l a t i v e l y  low c o n c e n t r a t i o n s  
w ere  found  in  o t h e r  a r e a s .
Chrom atogram s of a lk a n e a  o b t a i n e d  f ro m  s e d im e n t  a t  l o c a t i o n  
No. 1 ( F ig u r e  6) 3 ,  3 ,  and 19 weeks a f t e r  t h e  l a s t  o i l i n g  showed a 
d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  th e  s a t u r a t e  f r a c t i o n  from  t h e  8 th  t o  
t h e  1 9 th  week and a  d e c r e a s e  i n  n - a lk a n e s  r e l a t i v e  to  t h e  l s o p r e n o l d s ,  
p r i s t a n e  and p h y ta n e .  These  ch ro m a to g ram s , t h e i r  c o n c e n t r a t i o n ,  and 
t h e  n - C i7/ p r i s t a n e  and n-C j^g/phytane r a t i o s  a p p e a r  i n  F ig u r e  7 and 
T a b le  6 .  By 19 w eeks o n ly  t r a c e s  o f  n - a l k a n e s  from th e  o i l  w e re  
e v i d e n t  in  chrom atogram s o f  s e d im e n t  sam ple  e x t r a c t s .
C ores  w ere  ta k e n  In  t h e  marsh on 26 S ep te m b er  1974 , 6 weeks 
a f t e r  t h e  c e s s a t i o n  o f  o i l i n g .  These c o r e s  showed no o i l  a l k a n e s  be low  
th e  20 cm d e p th .  Com parison o f  th e  n - C ^ j / p r i s t a n e  r a t i o s  f ro m  th e  0 -1 0  
cm and 1 0 -2 0  cm c o r e  s e c t i o n s  showed t h a t  t h e  r a t e  o f  d e g r a d a t i o n  o f
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F ig u re  7. Chromatograms o f  s a t u r a t e  f r a c t i o n  from  s e d im e n t  


















CONCENTRATIONS OF SATURATE FRACTION IN SEDIMENT (LOC-1). 
C one. ppm
Weeks (d ry  w e ig h t )  n - C ^ / p r i a t a n e  n -C jfi/p h y ta n e
3 333 ,58  .89
8 370 ,32  .57
19 120 -  -18
F r e s h  No. 2 F u e l  O i l  1 ,4 3  2 .5 8
40
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n - a lk a n e s  was re d u c e d  a t  lo w e r  d e p th s  In  th e  sed im en t  (T ab le  7 ) .
2- G r a s s e s
The p r o d u c t i o n  o f  th e  f o u r  m a in  g r a s s e s  I n  t h e  c o n t r o l  and 
e x p e r im e n ta l  m a rs h e s  d u r in g  th e  d o s in g  p e r io d  a r e  shown In  T a b le  8 ,
The p r o d u c t i o n  e s t i m a t e s  ( i n  g/m^) f o r  J .  r o m e r ja n u a , S.  p a t e n s , and 
th e  r e m a in in g  j i ,  a l t e r n l f l o r a  w ere  q u i t e  s i m i l a r  f o r  t h e  two m a r s h e s .
The d i f f e r e n c e s  In  t h e  e s t i m a t e s  o f  t h e  p r o d u c t i o n  o f  D. s p i c a t a  from 
the  two m a rs h e s  w ere  q u i t e  l a r g e ,  bu t  p r o b a b ly  r e s u l t e d  from v a r i e d  
c o m p o s i t io n  o f  t h i s  g r a s s  community In  t h e  c o n t r o l  and e x p e r im e n ta l  
marshes*
The m ost s i g n i f i c a n t  c o n se q u e n c e  o f  o i l  d o s in g  on t h e  s a l t  
marsh community was th e  damage to  t h e  d o m in a n t ,  i n t e r t i d a l  g r a s s ,  S. 
a l t e r n l f l o r a . S e v e r a l  o l l i n g s  c a u s e d  c h l o r a l s  o f  th e  p l a n t s ,  and  a s  
more o i l  c o n t a c t e d  t h e  p l a n t s  d e a t h  r e s u l t e d .  The f i r s t  p l a n t  m o r t a l i t i e s  
w ere n o t i c e d  i n  A p r i l  o f  1974 , The r e s u l t s  In  t h e  r e d u c t io n  o f  p ro d u c in g  
a r e a  d u r in g  th e  s tu d y  p e r i o d  a r e  shown I n  F ig u r e  3 and T a b le  9 .  By 
O c to b e r  1974 (2  m onths a f t e r  t h e  l a s t  d o s in g )  t h e  l o s s  o f  g r a s s  p r o ­
d u c t io n  due  t o  t h e  o i l i n g  was e s t i m a t e d  5 2 .5 1 .  The a r e a  o f  p r o d u c t i v e
2 0j>. a l t e r n l f l o r a  had been  re d u c e d  from 1 3 6 2 .5  m to  6 4 7 .5  m . A s i m i l a r  
r e d u c t i o n  was n o t  o b s e r v e d  i n  t h e  c o n t r o l  m a rsh .  The p ro d u c in g  a r e a s  
o f  th e  o t h e r  m arsh  g r a s s e s  i n  t h e  o i l  m a rs h ,  and  th o s e  in  th e  c o n t r o l  
m arsh , rem a in ed  c o n s t a n t  d u r in g  th e  s t u d y  p e r i o d .
The r e c o v e r y  o f  t h e  S.  a l t e r n l f l o r a  in  th e  o i l  m arsh  h a s  
been s low . I n  A u g u s t  1976 a  t r i p  t o  t h e  m arsh  r e v e a l e d  o n ly  s l i g h t  
ch an g e s  in  t h e  a b u n d an c e  o f  a l t e r n l f l o r a  f ro m  th e  O c to b e r  1974 
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NET PRODUCTION OF GRASSES DURING EXPERIMENTAL PERIOD 
Nov. 7 3 - S e p t .  74 ( I n  g/m^}




W h it t a k e r  Creek  
( o i l  marsh)
9 2 5 .6
9 7 3 .6
6 6 9 .6  
4 4 8 .2
Goat Po in t Creek 
( c o n t r o l  marsh)
1012.0
1 0 7 5 . 9
6 1 3 . 4
6 4 3 . 6
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D ate 
Nov. 7 3 
Apr. 74 
J u ly  74 
O ct.  74
TABLE




1017 .5  
64 7 .5
9
a l t e r n l f l o r a
Z Loss  
0.0  
1 2 . 1  




The S p a r t l n a  w h ich  p o p u l a t e d  t h e  s o u t h e r n  s i d e  o f  t h e  e n t r a n c e  
t o  t h e  m a rsh  was k i l l e d  by t h e  o i l  d o s i n g .  As a r e s u l t  t h e  u n d e r ly i n g  
p e a t  l a y e r s  w a re  e ro d e d  by wave a c t i o n .  As t h e  f r o n t  f a c e  o f  t h i s  
s p i t  was e r o d e d  t h e r e  was f i l l i n g  o f  t h e  pond b e h i n d .
C hrom atogram s o f  e x t r a c t s  o f  t h e  Si. a l t e r n l f l o r a  from  th e  
c o n t r o l  marHh ( F i g u r e  8 ) showed n - a l k a n e s  b e g i n n i n g  o f  C^g. These  
ch ro m a to g ram s  w e re  c h a r a c t e r i z e d  by  a  d o m in an ce  o f  n - a l k a n e s  w i th  an  
odd num ber o f  c a r b o n  a t o m s » a s  fo u n d  by o t h e r  r e s e a r c h e r s  ( Jo h n so n  and 
C a l d e r ,  1 9 7 3 ) .  I n  t h e  c h ro m a to g ra m s  from  t h e  S p a r t l n a  r o o t  sy s te m s  
from  t h e  " l i v i n g "  and  " d e a d "  a r e a s  i n  t h e  o i l e d  m arsh*  n - a l k a n e  p eak s  
b e g a n  a t  n -d o d e c a n e  i n d i c a t i n g  t h a t  t h e s e  r o o t  s y s t e m s  w ere  c o n ta m in a te d  
by t h e  d o s i n g  o i l .  A c o m p a r i s o n  o f  t h e s e  ch ro m a to g ram  and t h e i r  n - C j j /  
p r i s t a n e  and  n - C ^ g /p h y ta n e  r a t i o s  w i t h  t h o s e  from  t h e  s u r r o u n d in g  
s e d im e n ts  showed t h a t  r e l a t i v e l y  f r e s h  No. 2 f u e l  o i l  was p r e s e n t  In  
t h e  r o o t  s y s t e m s  f o r  m o n th s  a f t e r  t h e  l a s t  d o s in g *  b u t  t h e  s e d im e n t  
e x t r a c t s  showed t h e  p r e s e n c e  o f  d e g r a d e d  o i l .
The d i s t i n c t i o n  b e tw e e n  l i v i n g  and  d e a d  p l a n t s  I n  t h e  o i l  
m a rsh  d u r i n g  t h e  do rm an t s e a s o n  was d i f f i c u l t  a n d  I t  seemed t h a t  dead  
c o n ta m in a te d  p l a n t  m a t e r i a l  w as  o b t a i n e d  In  t h e  s a m p le s  from  t h e  " l i v e "  
a r e a s .  When s a m p le s  o f  r o o t  s y s t e m s  c o n n e c te d  t o  l i v i n g  s h o o t s  w ere  
a n a l y z e d ,  no o i l  h y d r o c a r b o n s  w e re  f o u n d .
A summary o f  t h e  r e s u l t s  o f  t h e  c o n t a m i n a t i o n  s t u d i e s  o f  
S. a l t e r n l f l o r a  by No. Z f u e l  o i l  a r e  shown i n  T a b l e  10*
D i s c u s s i o n
1. S e d im e n ts
The c o n t o u r  map o f  o i l  c o n c e n t r a t i o n s  i n  s a l t  m a rs h  s e d im e n t  
r e p r e s e n t e d  In  F i g u r e  6 c o n f i r m s  f i e l d  o b s e r v a t i o n s  t h a t  w ind f o r c e  was
46
F ig u r e  8 . C hrom atogram s o f  s a t u r a t e  f r a c t i o n  from  S. 
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t h e  dom inant f a c t o r  d e t e r m i n i n g  th e  d i s t r i b u t i o n  o f  o i l  In  t h e  s a l t  
m a rs h .  The o i l  s l i c k  was p u s h e d  i n t o  t h e  downwind c o r n e r  o f  t h e  m a rsh  
by th e  wind w here  i t  p i l e d  u p ,  r e s u l t i n g  i n  a  s m a l l  c o n c e n t r a t e d  o i l  
s l i c k  0 - 1 - 0 .5  cm t h i c k .  As t h e  t i d e  e b b e d ,  t h e  o i l  c o n t a c t e d  t h e  
s e d im e n t  r e s u l t i n g  I n  h ig h  c o n c e n t r a t i o n s  i n  t h e  t h r e e  c o r n e r s  o f  
t h e  m arsh  w i th  low c o n c e n t r a t i o n s  e l s e w h e r e .  P a t c h y  d i s t r i b u t i o n s ,  
w h e re  t h e  c o n c e n t r a t i o n  o f  o i l  i n  t h e  s e d i m e n t  v a r i e d  by 2 o r d e r s  o f  
m a g n i tu d e  w i t h i n  s e v e r a l  i n c h e s ,  w ere  fo u n d  in  t h e s e  a r e a s  o f  h ig h  
c o n c e n t r a t i o n .  P re su m ab ly  t h e s e  l a r g e  v a r i a t i o n s  r e s u l t e d  f ro m  o i l  
b e i n g  d e p o s i t e d  and t r a p p e d  i n  p o c k e t s  i n  t h e  s e d i m e n t  ( I . e .  f i d d l e r  
c r a b  h o le s )  a s  t h e  o i l  c o n t a c t e d  th e  s e d im e n t  d u r i n g  e b b i n g  t i d e s -
The w e a th e r in g  p r o c e s s  w h ic h  o c c u r r e d  on  t h e  o i l  d e p o s i t e d  
i n  s a l t  m arsh  s e d im e n t s  was m o n i to r e d  by c o m p a r in g  t h e  n - C j ^ / p r i s t a n e  
and n -C ^ g /p h y ta n e  r a t i o s  f ro m  t h e  s e d i m e n t  e x t r a c t s .  B u rn s  a n d  T e a l  
(1971 )  exam ined  t h e  n - C ^ j / p r i s t a n e  r a t i o  i n  e x t r a c t s  from  m a rs h  s e d im e n t  
s a m p le d  16 m onths a f t e r  t h e  W est F a lm o u th  s p i l l .  T h a l r  d a t a  show a 
d i r e c t  r e l a t i o n s h i p  b e tw e e n  th e  n -C ^7/ p r i s t a n e  r a t i o  and  t h e  c o n c e n t r a t i o n  
o f  o i l  h y d ro c a rb o n s .  T h is  r e l a t i o n s h i p  i n d i c a t e d  t h a t  d e g r a d a t i o n  o f  
n - a l k a n e s  r e l a t i v e  t o  b r a n c h e d  a l k a n e s  w as  m ore r a p i d  i n  a r e a s  o f  l i g h t  
o i l i n g ,  o r  t h a t  i n s u f f i c i e n t  t im e  had e l a p s e d  t o  w e a t h e r  a s  much o f  t h e  
n - a l k a n e s  in  t h e  h e a v i l y  o i l e d  a r e a s  a s  i n  th e  l i g h t l y  o i l e d  a r e a s .  A 
s i m i l a r  c o r r e s p o n d e n c e  o f  t h e  n - C ^ j / p r i s t a n e  r a t i o  an d  t h e  c o n c e n t r a t i o n  
o f  o i l  h y d ro c a rb o n  was n o t  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  I n  s e d im e n t  
s a m p le s  ta k e n  3 w eeks a f t e r  t h e  l a s t  o i l i n g .  P r e s u m a b ly  t h i s  o c c u r r e d  
b e c a u s e  t h e  num erous s p i l l s  i n  t h i s  s t u d y  d id  n o t  d i s t r i b u t e  I n  t h e  
same p a t t e r n .  T h i s  r e s u l t e d  in  some a r e a s  o f  t h e  m a rs h  b e i n g  c o a t e d  
by a  s p i l l ,  w h i l e  o t h e r s  w e re  n o t .  O v er  t h e  c o u r s e  o f  t h e  e x p e r i m e n t a l
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d o s i n g , a r e a s  w e re  dased  a t  d i f f e r e n t  t im e s  r e s u l t l a g  I n  u n eq u a l  s t a r t i n g  
t im e s  f o r  t h e  w e a th e r in g  p ro c e ss*  When th e  chrom atogram s o f  s e q u e n t i a l  
sam p le s  from t h e  same l o c a t i o n  were com pared, how ever,  a  more r a p i d  
l o s s  o f  n - a lk a n e s  th an  l s o p r e n o i d s  was o b se rv e d  ( F ig u r e  7)* T hese  
chrom atogram s show t h a t  the  n - a lk a n e s  from th e  o i l  had been  a lm o s t  
c o m p le te ly  d e g ra d e d  by 19 w eeks a f t e r  th e  l a s t  d o s in g .  I t  a p p e a r s  from 
T ab le  6 t h a t  th e  c o n c e n t r a t i o n  o f  th e  a lk a n e  f r a c t i o n  i n  t h e  s e d im e n t  
d ro p p ed  by 19 w eeks ,  b u t  t h e  p a tc h y  d i s t r i b u t i o n  o f  o i l  i n  marsh sed im en t  
( r e f e r r e d  to  e a r l i e r )  may have  been p a r t i a l l y  r e s p o n s i b l e  f o r  t h i s  
d e c l in e *
Burns and T ea l  (1971) found Wo* 2 f u e l  o i l  h y d ro c a rb o n  to  
70 cm in  marsh se d im e n t  c o r e s  ta k e n  20 m onths a f t e r  t h e  s p i l l  a t  
West F a lm ou th .  L y t l e  (1975) found c ru d e  o i l  to  th e  40 cm d ep th  i n  
m arsh se d im e n t  sam pled  IS d ay s  a f t e r  an  e x p e r im e n ta l  s p i l l .  In  th e  
p r e s e n t  s tu d y ,  c o r e s  ta k en  5 weeks a f t e r  t h e  l a s t  o i l i n g  showed no 
o i l  be low  th e  20 cm d e p th .  B u m s  and T e a l  (1971) showed an i n c r e a s e  
In  t h e  n - C ] j / p r i s t a n e  r a t i o  w i t h  d e p th  i n  t h e  c o r e .  They a t t r i b u t e d  
t h i s  i n c r e a s e  t o  a r e d u c t io n  I n  b io c h e m ic a l  o x i d a t i o n  o f  n - a lk a n e s  a s  
a n a e r o b ic  c o n d l t i o n a  w ere r e a c h e d  a t  d e p th  i n  the  sed im en t*  L y t l e  
(1975) a l s o  r e p o r t e d  an i n c r e a s e  i n  th e  n - C j j / p r l s t a n e  and  n -C ^ g /p h y ta n e  
r a t i o s  i n  d e e p e r  c o r e  s e c t i o n s ,  She r e l a t e d  t h i s  i n c r e a s e  t o  n -C j^  and  
n -C ig  h y d ro ca rb o n  In p u t  from n a t u r a l  s o u r c e s  ( a l g a e ,  p l a n t s ,  and 
a n im a l  w ax es ) .  The n - a lk a n e  d i s t r i b u t i o n  (n -C ^^-n -C 2g) i °  th e  ch ro m a to ­
gram shown to  s u p p o r t  t h i s  o b s e r v a t i o n ,  how ever,  lo o k s  q u i t e  s i m i l a r  
t o  t h e  same d i s t r i b u t i o n  from a sed im en t sam ple r e c e n t l y  p o l l u t e d  
w i th  t h e  e x p e r im e n ta l  o i l .  I f  t h e r e  were a n  i n p u t  o f  n -C 1? and n-C^g 
a l k a n e s ,  a s  sh e  s u g g e s t s ,  th e n  th e s e  p eak s  would be e x p e c te d  to  be
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r e l a t i v e l y  l a r g e r  t h a n  a d j a c e n t  p e a k s .  I t  seem s more l i k e l y  (b a s e d  
on ch ro m a to g ram s  from  c o r e  s e c t i o n s  t a k e n  4 m on ths  a f t e r  t h e  s p i l l )  
t h a t  s h e  a l s o  o b s e r v e d  a  r e d u c t i o n  I n  b i o c h e m i c a l  o x i d a t i o n  o f  n - a l k a n e s  
w i t h  d e p t h  in  s e d im e n t  due t o  t h e  a b s e n c e  o f  oxygen .
2 .  G r a s s e s
P r o d u c t i o n  e s t i m a t e s  f o r  s a l t  m a rs h  g r a s s e s  a s  d e t e r m in e d  
by num erous w o rk e r s  h a v e  b e e n  sum m arized  ( H e r s h n e r ,  1976 ; H e r s h n e r  and 
L a k e ,  1 9 7 7 ) .  T a b le  11 l i s t s  t h e  c a l c u l a t e d  p r o d u c t i v i t i e s  o f  th e  
d i f f e r e n t  g r a s s e s ,  and  th e  l o c a t i o n  w h e re  t h e  work was d o n e .  I n  
g e n e r a l  t h e  e s t i m a t e s  o f  p r o d u c t i o n  from  th e  p r e s e n t  s t u d y  a r e  c o m p a ra b le  
to  o t h e r  s t u d i e s  i n  t h e  V i r g i n i a  a r e a .  T h e re  i s  a l s o  good a g re e m e n t  
b e tw ee n  t h e  p r o d u c t i o n  e s t i m a t e s  c a l c u l a t e d  f o r  t h e  c o n t r o l  and  e x p e r i ­
m e n t a l  m a rs h e s  f o r  j l .  r o m e r i a n u s . £i. p a t e n s . an d  a l t e r n l f l o r a . The 
s m a l l  d i f f e r e n c e s  I n  p r o d u c t i o n  t h a t  w e re  fo u n d  p r o b a b ly  r e f l e c t e d  
s l i g h t  d i f f e r e n c e s  I n  t h e  two m a r s h e s ,  a n d  u n i n t e n t i o n a l  v a r i a t i o n s  
In  s a m p l in g  p r o c e d u r e s .  The d i f f e r e n c e s  i n  t h e  p r o d u c t i o n  e s t i m a t e s  
o f  D. s p l c a t a  from  t h e  c o n t r o l  and e x p e r i m e n t a l  m a rs h e s  w ere  q u i t e  
l a r g e .  I t  i s  b e l i e v e d  t h a t  t h i s  r e s u l t e d  b e c a u s e  l i t t l e  D, s p l c a t a  was 
fo u n d  i n  t h e  e x p e r i m e n t a l  m a rs h  m ixed w i t h  £ .  p p p e p s . The c o n t r o l  
m a rs h ,  h o w e v e r ,  had  r a t h e r  e x t e n s i v e  u n i s p e c i f l c  s t a n d s  o f  D. s p l c a t a .
Damage t o  t h e  J5. a l t e r n l f l o r a  f ro m  th e  o i l  d o s l n g s  a p p e a r e d  
a s  a  d i s c o l o r a t i o n  o r  b a n d in g  on t h e  s te m s  an d  s h o o t s  o f  t h e  g r a s s .
T h i s  c o n d i t i o n  was f i r s t  n o t i c e d  i n  A p r i l  o f  1974 . The b a n d in g  a r e a  
a p p e a r e d  a s  a  l i g h t e r  s h a d e  o f  g r e e n  and  t h e n  tu r n e d  b row n . As m ore 
o i l  was r e l e a s e d  i n  t h e  m arsh  t h e  e n t i r e  p l a n t  tu r n e d  c h l o r o t l c .  As 
d o s i n g  c o n t in u e d  m ore  a r e a s  w e re  fo u n d  t o  b e  damaged b y  t h e  o i l
TABLE 11
PRODUCTION OF MARSH GRASSES
biom ass  o f  n e t
p r o d u c t i v i t y
KmCdrv)/m^/yr l o c a t i o n s o u rc e
S p a r t l n a  a l t e r n l f l o r a
476 -  946 Rhode I s l a n d Nixon and O v ia t t  (1 973a)
432 -  840 Rhode I s l a n d Nixon and O v ia t t  (1973b)
508 .3  -  8 2 7 .2 Long I s l a n d U d e l l ,  e t  a l .  (1969)
300 New J e r s e y Good (1965)
369 New J e r s e y D urand a n d  Nadeau (1972)
445 Delaware M organ (1961)
427 -  558 V i r g in i a  -  M aryland K eefe  and Boynton (1973)
1332 V i r g in i a Maes and  W rig h t  (1969)
361 -  572 V i r g in i a M en d e ls so h n  (1973)
329 -  1296 N orth  C a r o l in a S tro u d  and  Cooper (1969)
1000 N orth  C a ro l in a W i l l i a m s  and  M urdoch (1966)
650 N orth  C a ro l in a W i l l i a m s  and Murdoch (1969)
2240 Georgia S m alley  (1959)
2000 -  3000 G eorgia Odum (1959) (1961)
2000 Georgia SchelH ke and  Odum (1961)
1158 Georgia T e a l  (Z962)
2083 G eorgia Odum and F ann ing  (1973)
992 -  110S M is s i s s i p p i d e  l a  Cruz and G a b r i e l  (1 9 7 3 )
1150 L o u is ia n a K irb y  (1971)
1518 L o u is ia n a Day, e t  a l .  (1973)
1089 -  1964 M i s s i s s i p p i d e  l a  Cruz (1974)
S p a r t l n a  p a te n a
430 Rhode I s l a n d N ixon  and O v ia t t  (1973b)
993 Long I s l a n d H a rp e r  (1918)
503 .4 Long I s l a n d U d e l l ,  e t  a l . (1969)
805 V i r g in i a Wass and  W righ t (1969)
1367 North C a ro l in a W a l ts  (1967)
1922 M is s i s s i p p i de l a  C ruz (1974)
D i s t l c h l l s s p l c a t a
647 .5 Long I s l a n d U d e l l ,  e t  a l .  (1969)
360 V ir g in i a Wass and W rig h t (1969)
1404 M is s i s s i p p i de l a  Cruz (1974)
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T ab le  11 (C o n t in u e d ) *
b iom ass o f  n e t  
p r o d u c t i v i t y
gm (dry} /m ^/y r l o c a t i o n  s o u rc e
J u n c u s  ro em a rian u a
650 V i r g i n i a V asa and W rig h t  (1969)
895 Worth C a r o l in a W aits  (1967)
560 Worth C a r o l in a F o s t e r  (1968)
850 Worth C a r o l in a W ill iam s  and  Murdoch (1969)
754 Worth C a r o l in a W illlam a and  Murdoch (1972)
796 N orth  C a r o l in a S t ro u d  and Cooper (19&9)
1697 M i s s i s s i p p i d e  l a  Cruz (1974)
54
( F ig u r e  3)* The damage ap p e a re d  t o  be moat s e v e r e  In  th e  c o r n e r s  o f  
t h e  m arsh  w here  wind d r i v e n  o i l  a c c u m u la te d  and c o a te d  t h e  p l a n t s  and 
s e d im e n ts  w i th  th e  r i s e  and  f a l l  o f  t h e  t i d e .  As th e  sterna and le a v e s  
d i e d ,  th e y  b ro k e  o f f  l e a v i n g  ex p o sed  a r e a s  o f  mud and p e a t .  By O c to b e r  
1974, t h e  a r e a  o f  p ro d u c in g  j5. a l t e r n l f l o r a  had been  red u ced  by 5 2 .5X.
No l o s s  o f  p ro d u c in g  a r e a  was o b se rv e d  f o r  th e  o t h e r  g r a s s e s  
In  th e  o i l  m arsh p ro b a b ly  b e c a u s e  t h e  o i l  d id  n o t  r e a c h  th e  h ig h e r  
e l e v a t i o n s  In  th e  m arsh p o p u la te d  by th e s e  g r a s s e s  -
Only a  s m a l l  amount o f  re g ro w th  o f  S p a r t l n a  h a s  b een  ob se rv ed  
in  t h e  o i l  m arsh  s in c e  th e  d o s in g  ended .  T h is  g row th  I s  c h a r a c t e r i z e d  
by s e v e r a l  s h o o t s  g row ing  from rh iz o m e s  t h a t  a p p e a r  to  have  Invaded 
some o f  th e  a r e a s  t h a t  were denuded  a s  a c o n se q u e n c e  o f  o i l  d o s in g .
The s lo w  r e c o v e ry  o f  S p a r t l n a  from  o i l  d o s in g  a g r e e s  w i th  o b s e r v a t i o n s  
from W ild H arb o r  H a rs h ,  M a s s , , w here  r e c o v e ry  o f  marsh v e g e t a t i o n  was 
slow  and c o m p le te  r e c o v e ry  was n o t  found f o r  6 y e a r s  (K re b s ,  1976).
A r e s e a r c h  o f  a e r i a l  p h o to g ra p h s  o f  t h e  a r e a  showed t h a t  t h e  
s p i t s  a t  t h e  mouth o f  W h i t ta k e r  C reek  M arsh were p r e s e n t  In  1938, 
E v i d e n t l y  t h e s e  f e a t u r e s  a re  r e l a t i v e l y  lo n g  l i v e d  (on a human tim e 
s c a l e ) .  T hese  s p i t s  p r o t e c t  t h e  m arsh b e h in d  them  from e r o s i o n  by 
wave a c t i o n .  D uring  t h e  o i l  d o s in g  e x p e r im e n ts  a l l  th e  g r a s s  on th e  
s o u t h e r n  s p i t  a t  th e  e n t r a n c e  to  th e  m arsh  was k i l l e d ;  t h i s  r e s u l t e d  
i n  e r o s i o n  o f  s e d im e n t  and  p e a t  l a y e r s  o f  th e  s p i t .  The d e s t r u c t i o n  
o f  t h i s  s p i t  r e s u l t e d  I n  some f i l l i n g  o f  th e  m a rsh  pond and a co n seq u en t 
im p a c t  on t h e  b e n t h l c  community. H o s t  l i k e l y  a s  t h e  s p i t  f u r t h e r  e r o d e s  
th e  m arsh  w i l l  be opened  to  wave a c t i o n  and e r o s i o n  o f  t h e  m arsh may 
o c c u r .  I t  a p p e a r s  t h a t  th e  r e p e a t e d  I n t r o d u c t i o n  o f  o i l  may r e s u l t  
I n  t h e  a l t e r a t i o n  o f  r e l a t i v e l y  lo n g  te rm  m arsh f e a t u r e s .
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The c o n t a m i n a t i o n  o f  m arsh  g ra s s e B  by f u e l  O i l  h a s  b e e n  
s t u d i e d  by o t h e r  r e s e a r c h e r s *  B u rn s  and T e a l  (1971) found  up  t o  
15 ppm o i l  h y d r o c a r b o n s  I n  £i* a l t e r n l f l o r a  t a k e n  10 m on ths  a f t e r  
t h e  s p i l l  o f  No* 2 f u e l  o i l  a t  West Falmouth* They d i d  n o t  s p e c i f y  
t h e  p a r t s  o f  t h e  p l a n t s  t h a t  w ere  a n a l y z e d ,  b u t  g as  c h ro m a to g ra m s  o f  
e x t r a c t s  from t h e  c o n ta m in a te d  g r a s s  showed t h e  p r e s e n c e  o f  some lo w e r  
m o l e c u la r  w e ig h t  m a t e r i a l  w h ich  th e y  a t t r i b u t e d  t o  th e  o i l *  U s in g  
g r a v i m e t r i c  a n a l y s i s ,  L y t l e  (1975) found l a r g e  i n c r e a s e s  i n  a l i p h a t i c  
and  a ro m a t ic  h y d r o c a r b o n s  i n  th e  l e a v e s ,  s te m s ,  and r o o t  s y s t e m s  o f  
a l t e r n l f l o r a  o b t a i n e d  a f t e r  a n  e x p e r im e n ta l  s p i l l  o f  c r u d e  o i l  on  
a n  e s t u a r l n e  pond* She r e p o r t e d ,  ho w ev er ,  t h a t  t h e s e  i n c r e a s e s  w e re  
n o t  a p p a r e n t  In  t h e  g as  ch ro m a to g ram s.  I n  th e  p r e s e n t  s t u d y  a n a l y s i s  
o f  r o o t  sy s tem  o f  S p a r t l n a  from  a r e a s ,  w here damage t o  t h e  g r a s s  had 
b een  s e v e r ^  showed c o n c e n t r a t i o n s  o f  up t o  365 ppm (d ry  w e ig h t )  o f  
s a t u r a t e d  h y d r o c a r b o n s  *
A c o m p a r i s o n  o f  ch ro m a to g ram s o f  e x t r a c t s  o f  S p a r t l n a  r o o t  
s y s te m s  from t h e  c o n t r o l  m arsh  w i t h  t h o s e  from t h e  o i l e d  m a rs h  ( F i g u r e  
8 ) shows th e  p r e s e n c e  o f  o i l  h y d ro c a rb o n s  i n  t h e  o i l e d  m a rs h  s a m p le s .
I n  t h e  u n c o n ta m in a te d  g r a s s  s am p le s  n - a lk a n e  p eak s  began  a t  and
w ere  c h a r a c t e r i z e d  by a  dom inance o f  n - a l k a n e s  w i th  an  odd num ber o f  
c a rb o n  a to m s . I n  t h e  g r a s s  s a m p le s  from  th e  o i l  c o n t a m in a te d  m a rs h  
( t a k e n  2 months a f t e r  t h e  l a s t  o i l i n g )  t h e  n - a l k a n e s  b e g in  a t  n—d o d e c a n e ,  
and  t h e  ch rom atog ram s f ro m  th e  p l a n t s  w ere  v e ry  s i m i l a r  t o  t h o s e  from  
th e  No. 2 f u e l  o i l *  A c o m p a r is o n  o f  t h e  n - C j j / p r i s t a n e  and  n - C ^ g /p h y ta n e  
r a t i o s  from  t h e  o i l  and  from  t h e  p l a n t  r o o t  sy s te m s  (T a b le  10) showed 
t h a t  t h e  n - a lk a n e a  p r e s e n t  In  t h e  p l a n t s  w ere  a lm o s t  u n d e g r a d e d .  I n  
s e d im e n t  sam p les  t a k e n  a d j a c e n t  t o  t h e  S p a r t l n a  s a m p le s ,  h o w e v e r ,
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n -a L k a n e s  from Che Ho- 2 f u e l  a i l  had  b e a n  b io d e g r a d e d  an i n d i c a t e d  by 
law n - C ^ / p r i s t a n e  a n d  n - C j ^ / p h y t a n e  r a t i o s  ( T a b le  1 0 ) -  O th e r  s a m p le s  
ta k e n  d u r i n g  th e  r e c o v e r y  p e r io d  r e i n f o r c e d  t h e  o r i g i n a l  f i n d i n g s -  The 
n - a l k a n e s  from th e  Ho- 2 f u e l  o i l  p r e s e n t  i n  t h e  r o o t s  and  r h iz o m e s  o f  
S.. a l t e r n l f L o r a  showed l i t t l e  I n d i c a t i o n  o f  a d e g r a d a t i o n  p r o c e s s ,  y e t  
sam p le s  from  th e  s u r r o u n d i n g  s e d im e n t  showed n - a l k s n e  d e g r a d a t i o n .
A ttem p ts  to  d e t e r m in e  I f  t h e  f u e l  o i l  h y d r o c a r b o n s  w ere  
p r e s e n t  in  l i v i n g  r o o t  s y s te m s ,  by d e f i n i n g  l i v i n g  and  dead  p l a n t s  
□n th e  c r i t e r i a  d e s c r i b e d  In  th e  m e th o d s  s e c t i o n ,  f a i l e d -  H ow ever,  
when l i v i n g  r o o t  and rh iz o m e  m a t e r i a l  was o b t a i n e d ,  by f o l l o w i n g  l i v i n g  
s h o o t s  I n t o  th e  mud an d  t a k i n g  o n ly  t h o s e  r o o t s  a n d  rh iz o m e s  t h a t  
were c o n n e c te d  to  l i v i n g  p l a n t s ,  n o  o i l  h y d r o c a r b o n  w ere f o u n d .  
A p p a re n t ly  a s  p l a n t  l e a v e s  and s te m s  w ere k i l l e d  an d  l o s t  f rom  t h e  
m arsh t h e  r o o t  s y s te m s  w e re  o p en ed .  As o i l i n g  c o n t i n u e d  some o f  t h e  
o i l  e n t e r e d  t h e  r o o t  s y s t e m s  o f  t h e  p l a n t s .  Once i n  t h e  r o o t  s y s te m  
th e  o i l  was in  an  e n v i ro n m e n t  w here  I t  was p r o t e c t e d  from oxygen  a n d / o r  
m i c r o b i a l  a c t i v i t y -  E v i d e n t l y  t h e  f i r s t  s a m p le s  f rom  what a p p e a r e d  
to  be  l i v i n g  a r e a s  a l s o  o b ta in e d  some dead  m a t e r i a l  w h ich  had  b een  
c o n ta m in a te d  by o i l -  T he  im pact o f  t h e  f r e s h  o i l  w i t h i n  t h e  dead  
S p a r t l n a  r o o t  sy s tem s  on t h e  r e c o v e r y  o f  t h e  m a rs h  e n v i ro n m e n t  l a  
unknown-
Summary
An e x a m in a t io n  o f  a m arsh  p o l l u t e d  b y  s u c c e s s i v e  s m a l l  
s p i l l a g e s  o f  Ho. 2 f u e l  o i l  r e v e a l e d  e x t e n s i v e  dam age t o  g r a s s e s  
c o n t a c t e d  by t h e  o i l ,  and  i n c o r p o r a t i o n  o f  s i g n i f i c a n t  am oun ts  o f  o i l  
I n t o  t h e  s e d im e n ts .  O i l  was o b s e r v e d  to  d i s t r i b u t e  by wind f o r c e  and 
to  c o n c e n t r a t e  I n  downwind c o r n e r s  o f  t h e  m a rs h  w h e re  I t  c o a t e d  g r a s s e s
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and sed im e n ts  w i t h  t h e  r i s e  and  f a l l  o f  t h e  t i d e .  I n  t h e  c o r n e r s  o f  
th e  m arsh th e  m ost e x t e n s i v e  damage to  S* a l t e r n l f l o r a  was o b s e rv e d .
The o t h e r  g r a s s e s  s t u d i e d  d id  n o t  show s i g n i f i c a n t  damage s i n c e  th e  
o i l  d id  n o t  r e a c h  t h e  h ig h e r  m arsh  e l e v a t i o n s  i n h a b i t e d  by J.. ro m e r la n u s . 
S . pa te n s  and D. s p l c a t a . The damage to  t h e  i n t e r t i d a l  S p a r t l n a  was 
e x t e n s i v e  and a t  t h e  c o n c l u s i o n  of th e  s tu d y  5 2 .5X o f  t h e  g r a s s  was 
l o s t .  The l o s s  o f  g r a s s  from th e  s p i t s  w h ich  d e f i n e  t h e  e n t r a n c e  to  
th e  marsh r e s u l t e d  in  e r o s i o n  o f  the  u n d e r l y i n g  p e a t  and  sed im en t  
l a y e r s  and p a r t i a l  f i l l i n g  o f  th e  m arsh pond . Most l i k e l y  f u r t h e r  
e r o s io n  of t h e  s p i t s  w i l l  open th e  marsh to  wave a c t i o n  and r e s u l t  In  
l o s s  o f  more o f  t h e  m arsh .
In  t h e  c o m e r s  o f  t h e  marsh w here  o i l  c o n t a c t e d  th e  sed im en ts  
h ig h  c o n c e n t r a t i o n  o f  o i l  w ere  g e n e r a l l y  found  (F ig u re  6) ;  how ever, 
p o c k e ts  in  th e  s e d im e n t  t r a p p e d  some o f  t h e  o i l  c a u s in g  l a r g e  v a r i a t i o n s  
In t h e  c o n c e n t r a t i o n  o f  o i l  i n  th e  marsh s e d im e n t  w i t h i n  s e v e r a l  in c h e s .  
Core sam ples  ta k e n  i n  the  m arsh showed t h a t  p e t ro le u m  was n o t  in c o rp o r a te d  
v e ry  deep ly  I n t o  t h e  s e d im e n t s .
S e l e c t i v e  r e d u c t i o n  I n  th e  c o n c e n t r a t i o n  o f  p e t ro le u m  n - a lk a n e s  
w ere  found I n  th e  e a r l i e s t  s a m p le s ;  and , by 19 weeks a f t e r  t h e  l a s t  
d o s in g ,  no n - a l k a n e  peak s  from th e  p e t ro le u m  w ere  o b s e rv e d  in  chrom ato­
grams o f  s e d im e n t  e x t r a c t s .  The r a t e  o f  d e g r a d a t i o n  o f  p e t ro le u m  
n - a lk a n e s  i n  c o r e s  seemed to  depend on t h e  s u p p ly  o f  oxygen ; c o n s e q u e n t ly ,  
th e  r a t e  o f  d e g r a d a t i o n  o f  p e t ro le u m  n - a l k a n e s  was red u c e d  i n  d e e p e r  
c o re  s e c t i o n s .
Hot s u r p r i s i n g l y  t h e  h ig h e s t  c o n c e n t r a t i o n s  o f  o i l  i n  th e  
s e d im e n ts  w ere  found  w here  t h e  g r e a t e s t  m o r t a l i t y  o f  g r a s s  o c c u r r e d  
( F ig u r e s  6 and  3 ) .  Based on f i e l d  o b s e r v a t i o n s ,  how ever,  a  s i g n i f i c a n t
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im pact o f  Che o i l  a p p ea red  Co r e s u l t  from o i l  c o n t a c t i n g  t h e  stem s 
and leaves  o f  t h e  p l a n t s .  P o s s i b l y  t h e  damage to  th e  p l a n t s  r e s u l t e d  
from both o i l  I n  t h e  sed im en ts  and on th e  l e a v e s  as  o bserved  by 
Baker (1971e).
An e x a m in a t io n  of t h e  r o o t s  and rh izo m es  of co n ta m in a te d  
S£ar t l n a  found r e l a t i v e l y  f r e s h  o i l  in  the  r o o t  system s o f  t h e  dead 
p l a n t s  i n d i c a t i n g  t h a t  some a lm o s t  u n a l t e r e d  o i l  was p r e s e n t  f o r  months 
a f t e r  the l a s t  d o s in g .  A lthough  t h i s  r e p r e s e n t s  a  sm all q u a n t i t y  o f  
o i l ,  I t s  im pact on th e  marsh l a  unknown.
The r e c o v e ry  of S p a r t i n a  th ro u g h  two grow ing s e a s o n s  has  
been  s l i g h t .  Most l i k e l y ,  t h e  r e c o v e r y  o f  S p a r t i n a  w i l l  b e  by 
v e g e ta t i v e  re g ro w th  from s u r ro u n d in g  p la n ts *  and may tak e  s e v e r a l  
more y e a rs .  R ep lacem ent o f  t h e  s p i t  t h a t  was e ro d ed  w i l l  p r o b a b ly  
r e q u i r e  more t im e .  The c o m b in a t io n  o f  f o r c e s  t h a t  shaped t h e  marsh 
w i l l  most l i k e l y  sh a p e  a s i m i l a r  m arsh i f  f u r t h e r  d i s tu r b a n c e s  a r e  no t 
en co u n te red .  C l e a r l y ,  however, i t  w i l l  be y e a r s  b e fo re  a p r e - s p i l l  
m arsh w i l l  be r e e s t a b l i s h e d .
MUD POINT CREEK MARSH -  STUDY I I
A lthough th e  c l a s s i c  food c h a in  m a g n i f i c a t io n  (as  o b s e rv e d  
fo r  c h l o r i n a t e d  hydrocarbon  p e s t i c i d e s )  has n o t  been found w i th  p e t ro le u m  
hydrocarbons  (A nderson, £ t  e l * , 1974),  some s t u d i e s  have shown t h a t  f u e l  
o i l  hydrocarbons  were accum ula ted  and r e t a i n e d  in  m arsh s e d im e n ts  and 
b io t a  f o r  ex tended  time p e r io d s  fo l lo w in g  a l a r g e  s p i l l a g e  o f  f u e l  o i l  
(Burns and T e a l ,  1971).  The p r e s e n t  s tu d y  was u n d e r ta k e n  to  exam ine 
th e  a c c u m u la t io n ,  r e t e n t i o n ,  and d e p u r a t io n  o f  p e t ro le u m  compounds by 
marsh o rgan ism s exposed  to  c h r o n ic  low l e v e l s  o f  No. 2 f u e l  o i l .  Four 
organism s t h a t  w ere p r e s e n t  i n  th e  i n t e r t i d a l  zone , and hence exposed  
to  th e  o i l ,  were chosen f o r  a n a l y s i s .  The m arsh  muHsel, ModioluH 
d em issu s . and th e  o y s t e r ,  C r a a s o s t r e a  v l r g i n l c a , were chosen  b e c a u se  
o f  t h e i r  known a b i l i t y  to  accu m u la te  p e t ro le u m  hydro ca rb o n s  ( s e e  su b ­
sequen t l i t e r a t u r e  r e v ie w s ) .  The s n a i l ,  L i t t o r l n a  i r r o r a t a , was s e l e c t e d  
because  th ey  accum ula te  h y d ro c a rb o n s ,  feed  o v e r  th e  i n t e r t i d a l  a r e a  
exposed to  th e  o i l ,  and d e m o n s tra te  a l t e r e d  f e e d in g  b e h a v io r  a s  a r e s p o n s e  
to  No. 2 f u e l  o i l  i n  th e  f i r s t  marsh s tu d y .  The hydrocarbon  c o n t e n t  
o f  th e  b e n th ic  p o ly c h a e te ,  N e r e i s  s u c c i n e a , was examined b e c a u se  o f  i t s  
a p p a re n t  t o l e r a n c e  t o  c o n ta m in a t io n  by p e tro le u m .
The e f f e c t s  and i n t e r a c t i o n s  o f  o i l  on m u s s e ls  and o y s t e r s  
have heen s tu d ie d  beca u se  th e s e  o rgan ism s a r e  com m erc ia lly  Im p o r t a n t ,  
Im portan t t o  th e  dynamics o f  i n t e r t i d a l  sya te rn s ,  and have th e  a b i l i t y  
to  accum ula te  w a te r  borne p o l l u t a n t s  in c lu d in g  p e tro leu m  h y d ro c a rb o n s .
In a d d i t i o n  th e s e  f i l t e r  f e e d in g  m o l lu sk s  have  a w id esp read  d i s t r i b u t i o n ,
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and can l i v e  In th e  i n t e r t i d a l  h a b i t a t  w hich l a  f r e q u e n t l y  e x p o sed  to  
o i l  p o l l u t i o n .  S tu d ie s  fo l lo w in g  s p i l l s ,  from c h r o n ic  I n p u t s ,  and 
from l a b o r a to r y  ex p o su re  have exam ined  th e  e f f e c t s  and r e s u l t s  o f  u p ta k e  
and  d e p u r a t io n  o f  p e t ro le u m  h y d ro c a rb o n s  by th e s e  m o l lu s k s .  The r e s u l t s  
o f  th e se  s t u d i e s  a r e  l i s t e d  I n  T a b le  12. In  g e n e r a l ,  th e  l i t e r a t u r e  
shows t h a t  p e t ro le u m  p a r t i c u l a r l y  r e f i n e d  o i l )  can  cau se  m o r t a l i t i e s  
o f  m u sse ls  and o y s t e r s .  O y s t e r s ,  how ever,  w ere more r e s i s t a n t  t o  th e  
a c u te  e f f e c t s  o f  o i l  p resum ably  b e c a u se  when exposed  to  h ig h  c o n c e n t r a t i o n s  
th e y  avo id  c o n ta c t  w i th  th e  o i l  by k e e p in g  t h e i r  s h e l l s  t i g h t l y  c lo s e d .  
E xposure  to  c h r o n ic  low l e v e l s  o f  p e t ro le u m  was found to  a l t e r  th e  f r e e  
amino a c i d  c o m p o s i t io n  o f  m u s s e ls  and  cau se  l e s i o n s  i n  o y s t e r  t i s s u e s .
When th e s e  too H u s k s  w ere  exposed  to  e i t h e r  a c u t e  o r  c h r o n ic  d o s e s  o f  o i l  
i n  th e  l a b o r a to r y  o r  i n  th e  f i e l d ,  th e y  ac c u m u la te d  p e t ro le u m  compounds.
The T e le a s e  o f  t h e s e  compounds v a r i e d  depend ing  on the  o r g a n i s m 's  e x p o su re  
h i s t o r y ,  th e  c o n c e n t r a t i o n  and ty p e  o f  o i l ,  and t h e  l e v e l  o f  p e t ro le u m  
h y d ro ca rb o n s  in  th e  d e p u r a t in g  w a t e r .  In  g e n e r a l ,  how ever, a  l a r g e  
m a j o r i t y  o f  th e  h y d ro ca rb o n s  w ere  d e p u r a t e d  r a p i d l y .  The re m a in in g  p o r t i o n  
was e i t h e r  l o s t  s lo w ly  o r  rem a in ed  a t  l e v e l s  above th e  b a s e l i n e  f o r  
ex te n d e d  tim e p e r i o d s .
The Im pac t o f  o i l  on  i n t e r t i d a l  g a s t r o p o d s  has b een  s t u d i e d  
fo l lo w in g  s p i l l s  (C han, 1973; S m ith ,  1968; N o r th ,  a t  t H . , 1965) and th e  
re s p o n s e s  o f  g a s t ro p o d s  to  o i l  (C ra p p ,  1971a; C rap p ,  1971b; Q ttw ay ,  1 9 7 1 ) ,  
w a te r  s o l u b l e  o i l  components ( J a c o b s o n  and B oy lan ,  1973),  and r e f i n e r y  
e f f l u e n t s  (C rapp, 1971c; B aker ,  1973; O g lesby  and S y l v e s t e r ,  1965) have 
been  exam ined i n  f i e l d  and l a b o r a t o r y  s t u d i e s .  In  summary, l o v e r  
abundances  o f  g a s t ro p o d s  were g e n e r a l l y  found i n  a r e a s  exposed  to  o i l  
o r  r e f i n e r y  e f f l u e n t s  th a n  i n  s i m i l a r  c o n t r o l  a r e a s .  The d e c r e a s e  in  
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68
t h e s e  o rg an ism s  (O ttw ay ,  1971; C rapp ,  1971c) and I n d i r e c t  e f f e c t s  s u c h  
as d e tach m e n t end a l t e r a t i o n *  i n  fe e d in g  a c t i v i t y  o r  b e h a v io r  (B a k e r ,
1973; J aco b so n  and B o y la n t 1973) . O ther  s t u d i e s  have  examined th e  c o n ­
c e n t r a t i o n s  o f  p e t r o l e u m  h y d ro ca rb o n s  fo u n d  i n  g a s t ro p o d s  f o l l o w i n g  
s p i l l s  of f u e l  o i l s  ( C l a r k ,  1974 ; Z i tk o ,  1971 ; S c a r r a t t  and Z i t k o ,  1972;
Z i tk o  and C a rso n ,  1970) , b u t  t h e s e  s t u d i e s  d id  n o t  d e te rm in e  th e  com­
p o n e n ts  o f  th e  o i l  t h a t  w ere r e t a i n e d .  C la r k  (1974) used  g as  c h r o m a to g r a p h ic  
a n a l y s i s  and found a c o n c e n t r a t i o n  of No, 2 f u e l  o i l  n - p a r a f f i n s  i n  
r h a i s  l a m e l lo s a  o f  5 , 4  ppm (w et w e ig h t ) .  Z i tk o  (1 9 7 1 ) ,  S c a r r a t t  and 
Z i tk o  (1 9 7 2 ) ,  and  Z i t k o  and C a rs o n  (1970) r e p o r t e d  on th e  c o n t e n t  o f  
B unker C o i l  found i n  L l t t o r i n a  l l t t o r e a  f o l l o w in g  t h e  w reck o f  t h e  A rro w . 
They d e te rm in e d  th e  c o n c e n t r a t i o n  o f  B unker C o i l  i n  the  o rg a n ism s  by 
U,V, s p e c t r o p h o t o m e t r y ,  and found  h igh  c o n c e n t r a t i o n s  up to  604 ppm (w et 
w e ig h t )  o f  o i l  in  s n a i l s  sam pled  du ring  t h e  f i r s t  y e a r  o f  th e  s t u d y .  A f t e r  
26 m onths o f  r e c o v e ry  th e y  fo u n d  27 to  51 ppm ( v e t  w e ig h t )  i n  s n a i l  s a m p le s .
S e v e r a l  s t u d i e s  have  examined t h e  p e r t u r b a t i o n  o f  b e n t h l c  
com m unit ies  by o i l  ( B e n d e r ,  e t  a l . ,  1974; N o r th ,  s t  a l , t 1965; S a n d e r s ,  
e t  a l , ( 19 7 2 ) ,  and r e f i n e r y  e f f l u e n t s .  O th e r  s t u d i e s  have shown th e  
b e n t h l c  p o ly c h a e t e ,  N e r e i s  s u c c i n e a , to  b e  v e ry  t o l e r a n t  to  w a te r  
s o l u b l e  components o f  B unker C o i l  (H yland , 19 7 3 ) ,  and some r e p o r t s  on  
th e  co n seq u en c es  of r e f i n e r y  e f f l u e n t s  (K o n ig ,  1968; B aker ,  1971c) and 
□ i l  s p i l l s  (B ender ,  £ t  a l ^ , 1974) have found  N e r e i s  a p . to  be t h e  
dom inan t ( o r  among th e  dom in an t)  s u r v iv in g  b e n t h i c  o rg a n ism s .
The r e f e r e n c e d  s t u d i e s  on o i l  p o l l u t i o n  o f  b iv a lv e  and 
g a s t ro p o d  n o l l u s k s ,  a n d  on b e n t h l c  o rg an ism s  s u p p l i e d  much needed  
in f o r m a t io n ;  how ever, a  d e t a i l e d  a n a l y t i c a l  e x a m in a t io n  of th e  compounds 
r e t a i n e d  by o rgan ism s  d u r i n g  iri s i t u  r e c o v e r y  was l a c k i n g .  C l e a r l y  
th e  r e t e n t i o n  o f  p o t e n t i a l l y  t o x i c  p e t ro le u m  compounds ( i n c l u d i n g
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a ro m a t ic  h y d ro c a rb o n s  and p e t r o - a u l f u r  compounds) by o rg a n ism s  may 
have d e t r i m e n t a l  c o n se q u e n c e s  f o r  th e  o rgan ism s th e m s e lv e s ,  and ( i n  
the  e a s e  o f  e d i b l e  m a r in e  l i f e )  f o r  man. I t  I s  I m p o r ta n t ,  t h e n ,  to  
d e te rm in e  th e  i d e n t i t i e s  o f  p e t ro le u m  compounds which a r c  p e r s i s t e n t  
in s a m p le s ,  and  to  u n d e r s ta n d  th e  Im pac t o f  t h e s e  compounds on th e  
o rg a n is m s .  I t  i s  t h e  I n t e n t i o n  o f  t h e  p r e s e n t  r e s e a r c h  to  I d e n t i f y  
and d e t e r m in e  th e  r a t e  o f  Iobb  o f  p e t ro le u m  h y d ro c a rb o n s  and p e t r o - s u l f u r  
compounds from  o rg a n ism s  o b ta in e d  d u r in g  in  s i t u  r e c o v e ry  from lo n g  
te rm , low l e v e l  c o n ta m in a t io n  by No. 2 f u e l  o i l .  A ssessm en ts  o f  th e  
im p a c ts  o f  t h e s e  compounds on th e  o rgan ism s  must a w a i t  f u r t h e r  r e s e a r c h .
M ethods
The Mud P o in t  C reek  Marsh was dosed w eekly  w i th  36 l i t e r s  o f  
No. 2 f u e l  o i l .  The p e r i o d  o f  d o s in g  was from F eb ru a ry  28, 1975 th ro u g h  
A ugust 14, 19 75. O i l  was s p i l l e d  o n to  th e  w a te r  s u r f a c e  a t  low s l a c k  t i d e  
from a  p la t f o r m  l o c a t e d  i n  t h e  c e n t e r  o f  th e  m a rs h ,  and g e n e r a l l y  moved 
in to  th e  b ack  h a l f  o f  t h e  m arsh w i th  th e  s u b se q u e n t  f lo o d  t i d e .  To I n s u r e  
t h a t  t h e  same o i l  was a p p l i e d  to  t h e  m arsh a t  eac h  d o s in g ,  one b a t c h  o f  
o i l  was o b t a in e d  from a l o c a l  d i s t r i b u t o r  and s t o r e d  i n  a c lo s e d  o i l  t a n k .  
A l iq u o t s  o f  t h i s  o i l  w e re  ta k e n  w eek ly  to  d o se  th e  m a rsh .  An a n a l y s i s  
of t h e  o i l  f o r  t h i s  s tu d y  i s  shown I n  the  a n a l y t i c a l  s e c t i o n .
O rganism  sa m p le s  w ere  o b t a in e d  in  th e  same a r e a  In  t h e  m arsh . 
Sam ples ( s 15 o rg a n is m s)  o f  th e  m arsh m u s se l ,  M odiolus d e m ls s u s , and th e  
o y s t e r ,  C r a s s o s t r e a  v l r g l n i c a , w ere  c o l l e c t e d  i n  th e  m arsh 2 , 6 , and 15 
weeks a f t e r  t h e  l a s t  d o s in g .  Sam ples  o f  m u s se ls  w ere  a l s o  o b t a i n e d  from 
the  W h i t t a k e r  Creek M arsh a f t e r  16 months o f  r e c o v e r y .  These o rg an ism s  
were s c ru b b e d  un d er  t a p  w a t e r ,  and th e n  d i s t i l l e d  w a te r .  G re a t  c a r e  was 
ta k e n  to  in a u r e  t i s s u e s  w ere  n o t  c o n ta m in a te d  d u r in g  t h e  s h u c k in g  p r o c e s s .  
One sam p le  (*35  o rg a n is m s)  o f  t h e  s n a i l  L l t t o r l n a  I r r o r a t a  was c o l l e c t e d
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d u r i n g  d o s in g  ( J u l y  1 0 ,  19 7 5 );  o t h e r  a n a l l  sam ples  were o b ta in e d  2 , 6 ,  and 
15 w eeks a f t e r  t h e  l a s t  d o s i n g .  S n a i l s  w ere  c l e a n e d  by washing w i th  ho t 
ta p  w a t e r  and  d e t e r g e n t ,  and th e n  w i th  d i s t i l l e d  w a te r  and d e t e r g e n t .
The w a sh in g s  w e re  fo l lo w e d  by r e p e a t e d  r i n s e s  w i th  d i s t i l l e d  w a t e r .
S n a i l  s h e l l s  w e re  c r a c k e d  by w ise  g r i p s  a d j u s t e d  so th a t  s h e l l  f rag m e n ts  
w ou ld  n o t  e n t e r  t h e  m e a t  o f  t h e  s n a i l s .  The m ea ts  were then  p u l l e d  from 
th e  c r a c k e d  s h e l l s  and r i n s e d  w i t h  d i s t i l l e d  w a te r  p r i o r  to  e x t r a c t i o n .  
Sam ples o f  t h e  N e r e i s  s u c c l n e a , w e re  o b ta in e d  from the  Hud P o i n t  C reek 
M arsh pond 2 and 15 w eeks  a f t e r  t h e  l a s t  d o s in g .  Samples w ere o b ta in e d  
by s h o v e l i n g  pond s e d im e n t  i n t o  s c r e e n s  and w ash in g  the  sed im ent th rough  
th e  s c r e e n  w i th  b u c k e t s  o f  w a t e r .  The m a t e r i a l  r e t a in e d  by t h e  s c r e e n  
(b o t to m  o r g a n is m s  and d e t r i t u s  p a r t i c l e s )  was th e n  paaced in  g l a s s  J a r s  
( w i th  aluminum f o i l  l i n e s  t o p s )  and r e t u r n e d  to  th e  la b .  Live N e r e i s  
a u c c i n e a  w ere  p ic k e d  from  th e  m a t e r i a l  i n  th e  J a r .
Sam ples  o f  s e d im e n t  w e re  o b ta in e d  a t  t h e  same l o c a t i o n s  a s  th e  
o rg a n is m  s a m p le s .  The p r e s e n t  w ork r e p o r t s  t h e  r e s u l t s  from sed im en t 
s am p le s  o b t a i n e d  2 w eeks  a f t e r  d o s in g  i n  Mud P o i n t  Creek and 16 months 
a f t e r  d o s in g  i n  W h i t t a k e r  C re e k .  The a n a l y s i s  o f  th e  o th e r  s ed im en t 
s a m p le s  w i l l  b e  r e p o r t e d  l a t e r .
C o n t r o l  s a m p le s  w ere  o b t a i n e d  from G oat P o in t  Creek M arsh.
F o r  a d e s c r i p t i o n  o f  a n a l y t i c a l  m ethods s e e  A n a l y t i c a l  s e c t i o n .
R e s u l t s
The c o n c e n t r a t i o n s  o f  h y d ro c a rb o n s  found in  the  c o n t r o l  
M od io lu s  d e m is e u s  w e re  0 .1 Z  ppm (w et w e ig h t )  s a t u r a t e d  hydrocarbons  
and 0.02 ppm (w e t  w e ig h t )  a r o m a t i c s .
No d e c r e a s e  i n  t h e  p o p u l a t i o n  o f  M odio lus  demlsHua was 
o b s e rv e d  a s  a  r e s u l t  o f  o i l  d o s i n g .
C o n c e n t r a t i o n s  o f  a r o m a t i c  and s a t u r a t e d  hydrocarbons found
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i n  th e  m u ss e ls  d u r i n g  t h e  r e c o v e r y  p r o c e s s  a r e  g iv e n  in  F i g u r e  9 and T ab le  
1 3 .  The a r o m a t ic  c o n c e n t r a t i o n  showed a r a p i d  i n i t i a l  d e c l i n e  fo l lo w ed  by 
a  much s lo w e r  r a t e  o f  l o s s .  Two w eeks  a f t e r  t h e  end of d o s in g  th e  a ro m a t ic  
c o n c e n t r a t i o n  was 9 .7 1  ppm. T h i s  c o n c e n t r a t i o n  had d e c r e a s e d  to  0 .18  ppm 
by th e  15 th  w eek . The c o n c e n t r a t i o n  o f  s a t u r a t e s  d e c l i n e d  s t e a d i l y  from
8 .6 2  ppm two weeks a f t e r  d o s in g  to  1 .2 3  ppm a t  15 w eeks.
The ch an g e s  I n  t h e  a r o m a t i c  c o n c e n t r a t i o n / s a t u r a t e  c o n c e n t r a t i o n  
r a t i o  from M, dem ise  u s  d u r in g  th e  r e c o v e r y  p r o c e s s  a re  shown i n  F ig u re  10.
T h is  r a t i o  shows t h a t  t h e r e  was e n r ic h m e n t  o f  a r o m a t i c s  r e l a t i v e  to  
s a t u r a t e s  ( a s  compared w i t h  th e  d o s in g  o i l )  i n  m u ss e l  s am p le s  ta k e n  
two weeks a f t e r  t h e  l a s t  d o s in g .  15 weeks a f t e r  t h e  d o s in g  t h e  r a t i o  
from th e  m u sse l  e x t r a c t  had  r e t u r n e d  to  t h e  l e v e l  o f  th e  d o s in g  o i l .
A g as  chrom atogram  o f  t h e  s a t u r a t e  f r a c t i o n  e x t r a c t e d  from 
t h e  p o l l u t e d  Mud P o i n t  C reek  m u s s e l s  i s  shown i n  F ig u re  11 . T h i s  chrom ato­
gram i s  s i m i l a r  to  t h o s e  o b t a i n e d  by o t h e r  r e s e a r c h e r s  and shows th e  
t y p i c a l  " w e a th e re d  o i l "  a p p e a r a n c e  c h a r a c t e r i z e d  by an u n r e s o lv e d  envelop  
w i th  s e v e r a l  p e a k s  p ro m in e n t  ab o v e  i t  (B u rn s  and  T e a l ,  1 9 7 1 ) .  The p r e s e n t  
s tu d y  a n a ly z e d  th e s e  p ro m in e n t  p e a k s  by GC-MS an d  found t h a t  t h e s e  peaks
w ere  th e  e x p e c te d  i s o p r e n o l d s ,  p r i s t a n e  and  p h y t a n e .
A GC-MS e x a m in a t io n  o f  t h e  a r o m a t ic  e x t r a c t s  o b t a i n e d  from 
M, dem lasus  ta k e n  from  Mud P o i n t  C reek  M arsh c o n f i rm e d  t h a t  t h e  p o l l u t a n t  
a ro m a t ic s  w ere from t h e  d o s in g  o i l .  The ch rom a tog ram s and t h e  i d e n t i t i e s  
o f  compounds I n  t h e  p ro m in en t  r e s o l v a b l e  p e a k s  a r e  g iv e n  i n  F ig u r e  12 
and  T ab le  4 .  The g a s  ch rom atog ram s i n d i c a t e d  t h a t  some f r a c t i o n a t i o n  
o f  a ro m a t ic s  had o c c u r r e d  f o l l o w i n g  c e s s a t i o n  o f  d o s in g .  A com parison  
o f  th e  chrom atogram  o f  t h e  a r o m a t i c  f r a c t i o n  f ro m  t h e  o i l  w i t h  one from 
t h e  m u s s e ls  showed t h a t  th e  lo w e r  m o l e c u l a r  w e i g h t  p e t ro le u m  a ro m a t ic s  
w ere  n o t  p r e s e n t  I n  t h e  m u s s e ls  two weeks a f t e r  t h e  l a s t  d o s i n g .  By 15
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Fig u re  9 . C o n c e n t r a t i o n s  o f  s a t u r a t e  and a r o m a t i c  f r a c t i o n s  
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F ig u r e  10.  The  a r o m a t i c  c o n c e n t r a t i o n / s a t u r a t e  c o n c e n t r a t i o n  
r a t i o  d u r i n g  r e c o v e r y  p e r i o d  ( m u s s e l s ) .
- in
a











F ig u re  11,  Chromatogram o f  s a t u r a t e s  from m u s s e l s  Mud P o i n t  




















F i g u r e  12 .  Chromatogram o f  a r o m a t i c s  from Hud P o i n t  Creek, 
































weeks* t h e  c o n c e n t r a t i o n  o f  t h e  a r o m a t i c s  e x t r a c t e d  f rom  m u s s e l s  had 
s i g n i f i c a n t l y  d e c r e a s e d  ( T a b l e  1 3 ) ,  b u t  s e v e r a l  p e a k s  w e re  more p r o m i n e n t  
i n  t h i s  ch rom a tog ram  ( F i g u r e  13) t h a n  t h e y  had b e e n  p r e v i o u s l y  ( F i g u r e  
1 2 ) .  The r e l a t i v e  i n c r e a s e s  i n  p e a k  h e i g h t s  w e re  moat  a p p a r e n t  i n  p e a k  
Wo. 9 ( 2 , 3 , 6- t r l m e t h y l n a p h t h a l e n e ) , p e a k  No. 21 ( f l u o r a n t h e n e ) ,  and  p e a k  
Wo. 23 ( p y r e n e )  ( F i g u r e  1 3 ) .
Samples  o f  s e d i m e n t  and  K. d e m i s e u s  w e r e  c o l l e c t e d  i n  t h e  
W h i t t a k e r  C r e e k  Marsh 16 m on ths  a f t e r  t h e  end  o f  d o s i n g .  The c o n c e n ­
t r a t i o n  o f  a l k a n e  h y d r o c a r b o n s  i n  t h e  m u s s e l s  was n e a r l y  e q u i v a l e n t  to  
c o n t r o l  s a m p l e s  and t h e  c h ro m a to g ra m  o f  t h e  a l k a n e  f r a c t i o n  d i d  n o t  
i n d i c a t e  t h e  p r e s e n c e  o f  p o l l u t a n t  h y d r o c a r b o n s .  The c h ro m a to g ra m  o f  
t h e  a l k a n e s  from th e  s e d i m e n t  i n  t h e  marsh*  how eve r ,  had  t h e  " w e a t h e r e d  
o i l "  a p p e a r a n c e  i n d i c a t i n g  t h a t  o i l  compounds w e r e  p r e s e n t .  P e t r o l e u m  
a r o m a t i c  h y d r o c a r b o n s  w e r e  f o u n d  i n  b o t h  t h e  s e d i m e n t  and  M. d e m l s s u s  
samples  t a k e n  16 months  a f t e r  t h e  l a s t  d o s i n g  I n  t h i s  m a r s h .  The 
a r o m a t i c  f r a c t i o n  o f  t h e  *1. d e m ia a u s  s a m p l e  o b t a i n e d  f rom  t h e  W h i t t a k e r  
Creek  Marsh was examined to  d e t e r m i n e  I f  f u r t h e r  r e l a t i v e  I n c r e a s e s  i n  
s e l e c t e d  p e a k s  were e v i d e n t .  A l t h o u g h  t h e  No. 2 f u e l  o i l  u s e d  t o  d o s e  
t h i s  m a rs h  w as  n o t  c h a r a c t e r i z e d ,  p e a k  No. 9 ( 2 , 3 , 6- t r  l m e t h y l n a p h t h a l e n e )  
was p r e d o m i n a n t ,  and t h e  t e t r a c y c l i c  a r o m a t i c  p e a k s  No. 21 ( f l u o r a n t h e n e )  
and No, 23 ( p y r e n e ) ,  w ere  a l s o  r e l a t i v e l y  l a r g e  ( F i g u r e  1 4 ) .  The 
ch rom atogram  o f  t h e  a r o m a t i c s  from t h e  W h i t t a k e r  C reek  M a r s h  s e d i m e n t  
( F i g u r e  1 5 ) ,  shows t h a t  t h e  r e l a t i v e  I n c r e a s e  i n  p e a k  No. 9 ( o b s e r v e d  
In  m u s s e l  e x t r a c t s )  was n o t  e v i d e n t  i n  s e d i m e n t  e x t r a c t s .  The C3-  
a l k y l n a p h t h a l e n e  p e a k s  a r e  a b o u t  t h e  H a s t e  h e i g h t  I n  t h e  s e d i m e n t  e x t r a c t ,  
b u t  i n  m u s s e l  e x t r a c t s  2 , 3 , 6- t r l m e t h y l n a p h t h a l e n e  p r e d o m i n a t e s .  The 
d i f f e r e n c e  be tw een  t h e  c h ro m a to g ram s  f ro m  t h e  M. d e m ia a u s  and f rom  t h e  
s e d im e n t  w e r e  n o t  a s  p ro n o u n c e d  In  t h e  t e t r a c y c l i c  a r o m a t i c  r e g i o n .
F i g u r e  13.  Chromatogram o f  a r o m a t i c s  from Mud P o i n t  Creek 























F i g u r e  14.  Chromatogram o f  a r o m a t l c s  from Wli i t  t a k e r  C re e k  


























F igure  15. Chroma t o  gram o f  a r o m a t i c s  from W h i t t a k e r  Creek  
























The c o n c e n t r a t i o n  o f  h y d r o c a r b o n s  found I n  c o n t r o l  C r a a s o s t r e a  
v l r a t n t c a  was 0 .0 9  ppm (wet  w e ig h t )  s a t u r a t e d  h y d ro c a rb o n s  and 0 .0 1  ppm 
(wet w e ig h t )  a r o m a t i c s .
No d e c r e a s e  i n  t h e  p o p u l a t i o n  o f  C r a a s o s t r e a  v l r g l n i c a  was 
o b s e rv e d  a s  a r e s u l t  o f  o i l  d o s i n g .
The c o n c e n t r a t i o n s  o f  t h e  a r o m a t i c  and s a t u r a t e  f r a c t i o n s  
found i n  t h e  o y s t e r s  o v e r  t h e  r e c o v e r y  p r o c e s s  a r e  shown I n  F i g u r e  16 
and T ab le  14.  The c o n c e n t r a t i o n  o f  the  a r o m a t i c  f r a c t i o n  two weeks 
a f t e r  t h e  end o f  d o s in g  was  1 .0 9  ppm (wet w e i g h t ) .  By t h e  1 5 th  week 
t h i s  c o n c e n t r a t i o n  had d e c r e a s e d  t o  0 .1 1  ppm (wet w e i g h t ) .  The  con­
c e n t r a t i o n  o f  t h e  s a t u r a t e  f r a c t i o n  f e l l  from 6 .1 4  ppm (wet  w e i g h t )  
two weeks a f t e r  d o s i n g  en d ed  to  0 . 8 0  ppm (wet  w e ig h t )  a t  15 weeks .
The changes  in  t h e  a r o m a t i c  c o n c e n t r a t i o n / s a t u r a t e  concen ­
t r a t i o n  r a t i o  a r e  shown i n  F i g u r e  17.  T h i s  f i g u r e  shows t h a t  t h e r e  was 
e n r i c h m e n t  o f  a r o m a t l c s  r e l a t i v e  t o  s a t u r a t e s  (as  compared w i t h  t h e  
d o s in g  o i l )  in  o y s t e r  s a m p le s  t a k e n  two weeks a f t e r  t h e  l a s t  d o s i n g .
The r a t i o  shows a  s t e a d y  d e c r e a s e  In  t h e  c o n c e n t r a t i o n  o f  t h e  a r o m a t i c  
f r a c t i o n  r e l a t i v e  t o  t h e  s a t u r a t e  f r a c t i o n .  By th e  end o f  t h e  
r e c o v e ry  p e r i o d t t h e  r a t i o  had r e t u r n e d  to  t h e  l e v e l  o f  t h e  d o s in g  
o i l .
The gas chromatograms o f  t h e  s a t u r a t e  f r a c t i o n  o b t a i n e d  from 
o y s t e r s  t h r o u g h o u t  t h e  r e c o v e r y  p e r i o d  showed t h e  t y p i c a l  " w e a th e re d  
o i l "  a p p e a r a n c e .  The p e a k s  i n  t h e s e  e x t r a c t s  were t h e  same a s  those  
found i n  t h e  m u s s e l s .
GOMS a n a l y s i s  o f  t h e  a r o m a t l c s  e x t r a c t e d  from t h e  o y s t e r s  
two weeks a f t e r  t h e  l a s t  d o s i n g  showed t h e  p r e s e n c e  o f  p e t r o l e u m  
a r o m a t i c  h y d r o c a r b o n s .  The  ch romatograms o f  t h e s e  e x t r a c t s t t h e
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F ig u r e  16. C o n c e n t r a t i o n s  o f  s a t u r a t e  and a r o m a t i c  f r a c t i o n s  






















concent RATIONS OF HYDROCARBONS FOUND IN OYSTERS DURING RECOVERY
Weeks A f teT  S a t u r a t e  Cone.  Aromat ic cone .
Date  l a s t  dose ppm ( v e t  w t )  ppm (wet wt)
C o n t r o l  Marsh
1 1 /1 4 /7 5 .0 9
Mud P t ,  C re e k  Marsh
.01
8 /3 0 / 7 5 2 6 . 1 4 3 .09
9 /3 0 / 7 5 6 2 . 40 .89
1 1 /3 0 /7 5 15 .8 0 .11
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F i g u r e  17.  The a ro m a t ic  c o n c e n t r a t i o n / s a t u r a t e  c o n c e n t r a t i o n  

























i d e n t i t i e s ,  and  a p p ro x im a te  c o n c e n t r a t i o n s  o f  t h e  p r o m i n e n t  r e s o l v a b l e  
p e a k s  a r e  shown ( F i g u r e  18 and T ab le  4)> A l o s s  o f  t h e  low er  m o l e c u l a r  
w e i g h t  a r o m a t l c e  was o b s e rv e d  from the  two week s am p le  t o  t h e  s i x  week 
s a m p le ,  i n d i c a t i n g  t h a t  t h e  h i g h e r  m o l e c u l a r  w e ig h t  a r o m a t i c a  were 
r e t a i n e d  f o r  t h e  l o n g e s t  t im e .  From t h e  6t h  week t o  t h e  1 5 th  week 
i t  a p p e a r e d  t h a t  n o n - s e l e c t i v e  d e p u r a t i o n  o f  the  a r o m a t i c  f r a c t i o n  
o c c u r r e d .
P e t r o - S u l f u r  Compounds
The c o n c e n t r a t i o n s  o f  t h e  s u l f u r  c o n t a i n i n g  p e t r o l e u m  
compounds in  t h e  m u s s e l s  and o y s t e r s  d u r i n g  th e  r e c o v e r y  p e r i o d s  a r e  
shown i n  F i g u r e s  19 and 20.  The c o n c e n t r a t i o n  o f  t h e  t o t a l  s u l f u r  com­
pounds  i n  t h e  m u s s e l s  two weeks a f t e r  t h e  end o f  d o s i n g  was 0 .570  ppm 
(wet w e i g h t ) . T h i s  c o n c e n t r a t i o n  f e l l  t o  0 .005  ppm (wet  w e ig h t )  by 
t h e  1 5 t h  week.  The c o n c e n t r a t i o n  o f  t h e  t o t a l  s u l f u r  compounds i n  
t h e  o y s t e r s  f e l l  from 0 .1 8 0  ppm (wet w e i g h t ) ,  two weekH a f t e r  the 
l a s t  d o s i n g ,  t o  0 .0 0 5  ppm (wet w e ig h t )  by  the  15th  week.
A n a l y s i s  o f  a  s u r f a c e  se d im e n t  sample  o b t a i n e d  two weeks 
a f t e r  t h e  l a s t  d o s i n g  ( F i g u r e  21) found 0 .3 6  ppm s u l f u r  compounds.  A 
c o m p a r i s o n  o f  t h e  f lam e  p h o to m e t r i c  chromatogram from t h i s  sample 
w i t h  t h o s e  o b t a i n e d  from t h e  o i l ,  o y s t e r ,  and m usse l  s a m p le s  showed 
t h e  se d im e n t  sample  c o n t a i n e d  a h ig h e r  p r o p o r t i o n  o f  d ib e n z o t h i o p h e n e  
compounds w i t h  t h r e e  o r  more a l k y l  c a rb o n  atoms ( F i g u r e s  2 1 -2 4 ) .
At two weeks a f t e r  t h e  l a s t  d o s i n g  t h e  c o n c e n t r a t i o n s  o f  
p e t r o - s u l f u r  compounds ( r e l a t i v e  t o  a r o m a t l c s )  i n  t h e  m u s s e l  and o y s t e r  
e x t r a c t s  w ere  s l i g h t l y  g r e a t e r  than  i n  t h e  d o s in g  o i l  ( F i g u r e  2 5 ) .  *s 
t h e  r e c o v e r y  p e r i o d  l e n g th e n e d  th e  w e ig h t  o f  p e t r o - s u l f u r  compounds
06
F i g u r e  18 .  Chroma t o  gram of  a r o m a t i c  f r a c t i o n s  In  o y s t e r s  
d u r i n g  r e c o v e r y  p e r i o d .






F i g u r e  19 .  R e l e a s e  o f  a r o m a t l c s  and p e t r o - s u l f u r  compounds 
from M od io lu s  d e m la a u a .






























F ig u r e  20.  R e l e a s e  o f  a r o m a t i c a  and p e t r o - s u l f u r  compounds 
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F i g u r e  2 1 .  S e d im e n t  a r o m a t i c  and p e t r o - a u l f u r  compounds 






F igure  2 2 . Aromatic and p e t r o - s u l f u r  compounds In d o s in g
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F igure  23 . Huaaela arom atic and p e t r o - s u l f u r  compounds





Figure 24 O y sters  arom atic  and p e t r o - e u l f u r  compounds




Figure 25 S u l f u r  (w eigh t  % o f  a ro m a t ic  f r a c t i o n )  d u r in g  































r e l a t i v e  t o  t h e  a r o m a t i c  f r a c t i o n  f e l l  f o r  t h e  m u s s e l s ,  I n d i c a t i n g  t h a t  
d u r i n g  t h i s  p e r i o d  t h e  s u l f u r  compounds w ere  d e p u r a t e d  mere r a p i d l y  
t h a n  t h e  a r o m a t i c a .  F o r  o y s t e r s  t h e  s u l f u r  w e igh t  r e l a t i v e  t o  t h e  
a r o m a t i c  f r a c t i o n  f e l l  from  2 weeks t o  6 w eek s ,  but t h e n  r o s e  s l i g h t l y .  
T hese  r e l a t i v e l y  s m a l l  c h a n g e s  I n d i c a t e d  t h a t  d u r in g  t h e  e x p e r i m e n t a l  
p e r i o d  t h e  s u l f u r  com pounds were r e l e a s e d  from  th e s e  o r g a n is m s  a t  a b o u t  
t h e  same r a t e  a s  t h e  a r o m a t i c  h y d r o c a r b o n s .
The c o n c e n t r a t i o n s  o f  s a t u r a t e s  found Ln H e r e l s  s u c c l n e a  
d ro p p e d  o v e r  t h e  r e c o v e r y  p e r io d  ( F ig u r e  2 6 ) .  Two w eek s  a f t e r  t h e  l a s t  
d o s in g  t h e  s a t u r a t e  c o n c e n t r a t i o n  was 3 .1 7  ppm (wet w e i g h t ) .  A f t e r  
15 w eeks o f  r e c o v e r y ,  1 .9 2  ppm (wet w e ig h t )  o f  s a t u r a t e s  r e m a in e d .  The 
a r o m a t i c  c o n c e n t r a t i o n  f e l l  from 0 .7 8  ppm (wet w e ig h t )  t o  t r a c e  am oun ts  
o v e r  t h e  s tu d y  p e r i o d .  F i g u r e  27, w h ich  shows th e  a r o m a t i c  c o n c e n t r a t i o n /  
s a t u r a t e  c o n c e n t r a t i o n  i n  H e r e l s  s u c c l n e a  o v e r  th e  r e c o v e r y  p e r i o d ,  
I n d i c a t e s  t h a t  a  m ore  r a p i d  l o s s  o f  a r o m a t i c  t h a n  s a t u r a t e d  h y d r o c a r b o n s  
o c c u r r e d .
Gas c h ro m a to g ra m s  o f  t h e  s a t u r a t e  f r a c t i o n s  w ere  c h a r a c t e r i z e d  
by an  u n r e s o lv e d  e n v e l o p  w i t h  th e  p ro m in e n t  p e a k s  o f  p r l a t a n e  a n d  
p h y ta n e  ( I d e n t i f i e d  by  r e t e n t i o n  t i m e ) . A l th o u g h  no  GC-MS a n a l y s i s  
was p e r f o r m e d ,  t h e  g a s  chrom atogram  o f  t h e  a ro m a t ic  f r a c t i o n s  o b t a i n e d  
from  th e  H e r e l s  s u c c l n e a  a f t e r  2 weeks o f  r e c o v e ry  a p p e a r e d  v e r y  s i m i l a r  
t o  t h e  g a s  ch ro m a to g ram  o f  th e  h ig h e r  m o l e c u l a r  w e ig h t  p o r t i o n  o f  t h e  
d o s in g  o i l .  The c o n c e n t r a t i o n  o f  t h e  p e a k s  i n  th e  g a s  ch ro m a to g ram  
a r e  shown (T a b le  4 ) .
The c o n c e n t r a t i o n s  o f  in d i g e n o u s  h y d ro c a rb o n s  found  i n  th e  
c o n t r o l  L l t t o r l n a  i r r o r a t a  w ere 0 .4 6  ppm (w et w e ig h t )  s a t u r a t e d  h y d r o ­
c a r b o n s  a n d  0 .0 4  ppm (w e t  w e ig h t )  a r o m a t l c s .
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Figure 26. C oncentrations o f  s a t u r a t e  and arom atic  f r a c t io n s





























Figure 27. The arom atic  c o n c e n t r a t i o n / s a t u r a t e  c o n c e n t r a t io n
























Changes In  th e  a r o m a t i c  c o n c e n t r a t i o n / s a t u r a t e  c o n c e n t r a t i o n  
r a t i o  (F ig u re  28) show no n o t a b l e  en r ic h m en t  o f  a r o m a t i c  h y d ro c a rb o n s  
r e l a t i v e  to  s a t u r a t e d  h y d ro c a rb o n s  o c c u r r e d  i n  s n a i l  s am p les  ta k e n  
d u r in g  th e  d o s in g  o r  r e c o v e ry  p e r i o d s .
C o n c e n t r a t i o n s  o f  a r o m a t i c  h y d ro c a rb o n s  found In  th e  s n a i l s  
d u r in g  d o s in g  and r e c o v e ry  a r e  g iv e n  i n  F ig u r e  29, T a b le  15 . The 
a ro m a t ic  c o n c e n t r a t i o n  was 1 1 .4 4  ppm i n  th e  sam ple ta k e n  d u r in g  th e  
d o s in g  p e r i o d .  Two weeks a f t e r  d o s in g  ended t h i s  c o n c e n t r a t i o n  had 
f a l l e n  to  <1 ppm and rem a in ed  low th ro u g h o u t  th e  r e c o v e ry  p e r i o d .  The 
g as  chrom atogram s o f  t h e  a r o m a t i c  e x t r a c t s  from  t h e  s n a i l s  w e re  
c h a r a c t e r i z e d  by an u n re s o lv e d  e n v e lo p  w i th  s e v e r a l  s m a l l  p e a k s .  A 
GC-MS a n a l y s i s  o f  t h e s e  e x t r a c t s  showed t h a t  th e s e  p eak s  w ere  from 
th e  d o s in g  o i l .
The c o n c e n t r a t i o n s  o f  a r o m a t ic  and s a t u r a t e d  h y d ro c a rb o n s  
found in  t h e  s u r f a c e  s e d im e n t  sam ple  o b t a in e d  2 weeks a f t e r  t h e  d o s in g  
ended a r e  g iv e n  in  T a b le  15. The gas chrom atogram  o f  th e  a r o m a t ic  
f r a c t i o n  i s o l a t e d  from  th e  s u r f a c e  sed im en t 2 weeks a f t e r  t h e  d o s in g  
ended ap p e a re d  to  be s i m i l a r  t o  th e  chrom atogram s o b ta in e d  from  th e  
s n a i l  sa m p le s .
The c o n c e n t r a t i o n  o f  s a t u r a t e d  h y d ro c a rb o n s  found In  th e  
s n a i l  sample o b ta in e d  d u r in g  d o s in g  was h ig h  (1 3 8 .4  ppm). T h is  con­
c e n t r a t i o n  d e c r e a s e d  t o  5-ZQ ppm by two weeks a f t e r  th e  d o s in g  en d ed .
As th e  r e c o v e ry  p e r io d  c o n t i n u e d ,  how ever,  t h i s  c o n c e n t r a t i o n  I n c r e a s e d  
and a t  15 weeks a f t e r  th e  l a s t  d o s in g  3 0 .8  ppm o f  s a t u r a t e s  w ere  found 
In  t h e  s n a i l s .  A g as  ch rom atogram  o f  t h e  s a t u r a t e  f r a c t i o n  e x t r a c t e d  
from  Mud P o i n t  C reek  s n a i l s  d u r i n g  th e  d o s in g  p e r i o d  i s  shown In  
F ig u r e  30. T h i s  chrom atogram  h a s  a l a r g e  u n r e s o lv e d  complex en v e lo p
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Figure 28 . The aromatic c o n c e n t r a t io n / s a t u r a t e  c o n cen tra t io n



















Figure 29 . C oncentrations o f  s a t u r a t e  and arom atic  f r a c t i o n s
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CONCENTRATIONS OF TOTAL HYDROCARBONS FOUND IN SNAILS AND SURFACE 
SEDIMENT DURING DOSING AND RECOVERY
Weeks A f t e r  S a t u r a t e  Cone. 
D ate  l a a t  d o se  ppm ( v e t  wt)
C o n tro l  Marsh
1 1 /1 4 /7 5  -  .4 6
1 /1 0 /7 5  
8 /3 D /7 5
( S u r f a c e  S ed im en t)
9 /3 0 /7 5  
1 1 /3 0 /7 5
100
O i l  Marsh 
D u rin g  D osing  1 3 4 .8 4
2 5 . 2
(2 )  ( 1 8 3 .8 4 ) ( d r y  wt)
6 1 0 .4 7
15 3 0 .8 0
A rom atic  C one . 
ppm ( v e t  w t)
.04
1 1 ,4 4
( 1 0 . 5 0 ) ( d r y  wt) 
.3 5  
.5 8
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Figure 30. Gas chromatograms o f  the s a tu r a te  f r a c t i o n s  e x tr a c te d
from s n a i l s  over dos ing  and re c o v e r y .
S A T U R A T E
F f ? A C T l O N
f5 H T T A l-J E 
■+
C 1 8 C 19




w i th  s e v e r a l  p ro m in e n t  p e a k s  w hich  a p p e a r e d  to  be  Con th e  b a s i s  of 
r e t e n t i o n  t im e )  i s o p r e n o i d s  and n ~ a lk a n e s .  A GC-M5 a n a l y s i s  o f  t h i s  
f r a c t i o n  c o n f i rm e d  t h e  i d e n t i t i e s  o f  t h e s e  compounds. The chrom atogram s 
o f  t h e  f r a c t i o n s  o b t a i n e d  from s n a i l s  2 ,  6t and 15 weeks a f t e r  t h e  
l a s t  d o s in g  w ere  q u i t e  s i m i l a r  t o  ch rom atogram s o f  s a t u r a t e s  o b ta in e d  
from  o t h e r  o i l  c o n ta m in a te d  o r g a n is m s .  T hese  ch rom a tog ram s were 
c h a r a c t e r i z e d  by an u n r e s o lv e d  com plex e n v e lo p  w i th  p ro m in e n t  peaks  
o f  th e  i s o p r e n o l d ^  p r i s t a n e  and p h y ta n e .
The s a t u r a t e d  compound ty p e s  t h a t  w ere p r e s e n t  I n  th e  L i t t o r l n a  
d u r in g  th e  d o s in g  and r e c o v e r y  p e r i o d s  w ere  d e te rm in e d  ( s e e  a n a l y t i c a l  
s e c t i o n ) . f t  a p p e a re d  t h a t  a d e c r e a s e  i n  t h e  p e r c e n t a g e  o f  p a r a f f i n l c  
compounds In  s n a i l s  o c c u r r e d  be tw een  t h e  d o s in g  and  r e c o v e r y  p e r i o d s .
The sam ple ta k e n  d u r in g  d o s in g  had 3 9 ,5 1  p a r a f f i n l c  compounds w h i l e  t h e  
s n a i l  s am p le s  o b t a i n e d  6 weeks and 15 w eeks a f t e r  d o s in g  had  2S.5S and 
2 9 . SX p a r a f f i n l c  compounds (T a b le  1 6 ) .  A n o th e r  a p p a r e n t  t r e n d  was a n  
i n c r e a s e  in  1 ,  2 ,  and 3 r i n g  n a p h th e n lc  compounds d u r in g  t h e  s tu d y  
p e r i o d .
The ch rom atogram  of t h e  s a t u r a t e s  from t h e  s u r f a c e  s e d im e n t  
sam ple  o b t a i n e d  a f t e r  two weeks o f  r e c o v e r y  ( F ig u r e  31) showed much 
l a r g e r  n - a l k a n e  p e a k s  t h a n  t h a t  f ro m  t h e  s n a i l s  ( F ig u r e  3 0 ) .
D is c u s s io n
The c o n c e n t r a t i o n s  o f  h y d r o c a rb o n s  found in  t h e  c o n t r o l  
M odio lus dero lesus  i n  t h e  p r e s e n t  s tu d y  [ s a t u r a t e s  0 .1 3  ppm (wet w e i g h t ) ,  
a r o m a t l c s  0.02  ppm (wet w e i g h t ) ]  w ere  somewhat lo w e r  t h a n  th o s e  r e p o r t e d  
e l s e w h e re  f o r  o t h e r  s p e c i e s  o f  m u s s e l s .  C la r k  (1974) fo u n d  0 .4 0 - 0 .9 5  
ppm (wet w e ig h t )  o f  n a t u r a l l y  o c c u r r i n g  n - p a r a f f l n s  i n  u n c o n ta m ln a te d  
M y t i l u s  e d u l i s .  Z I tk o  (1971) r e p o r t e d  3 ppm (wet w e ig h t )  o f  a r o m a t lc s
TABLE 16
CONCENTRATIONS OF DIFFERENT COMPOUNDS TYPES IN 
SATURATE FRACTIONS FROM SNAILS
7 /1 0 /7 5
D u r in g  D osing
P a r a f f i n s 39.5%
1 -R ing  N aph thenes 29.4%
2 -R lng  N ap h th en es 12- 3%
3 -R ing  N aphthenea 3.7%
4-Ring N aph thenes 3.9%
5 - Ring N aphthenea 3.3%
6-R in g  N aphthenea 7.4%
9 /3 0 /7 5  
6 wks re c o v e ry
1 1 /3 0 /7 5  







9.7% 1 . 8%
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F ig u r e  31
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Gas ch rom a tog ram s o f  t h e  f r a c t i o n s  e x t ra c te d  from 












In  o n c o n ta m ln a te d  M y t j l u s  e d u l i a  from E a s t e r n  Canada. S in ce  th e  
e x t r a c t i o n  e f f i c i e n c y  o f  t h e  p r o c e d u r e  u se d  f o r  th e  p r e s e n t  s tu d y  
was g e n e r a l l y  good ( s e e  A n a l y t i c a l  S e c t i o n ) ,  th e  l o v e r  n a t u r a l  hyd ro ­
ca rb o n  l e v e l s  fo u n d  h e r e  p ro b a b ly  r e f l e c t e d  a l e s s  c o n ta m in a te d  c o n t r o l  
sam ple .
The d e p u r a t i o n  o f  p e t ro le u m  h y d ro c a rb o n s  from m u sse ls  h as  
been s t u d i e d ,  and a  two p h a se  mechanism f o r  t h i s  e l i m i n a t i o n  h a s  been  
p ro p o sed  based  on r e s u l t s  o f  f i e l d  and l a b o r a t o r y  s t u d i e s  ( F o s s a to ,
1975; LeeTe t  a l .  , 1972 ; C la rk  and  F i n l e y ,  1 9 7 5 ) ,  A r a p id  i n i t i a l  l o s s  
o f  p o l l u t a n t  h y d ro c a rb o n s  from m u s s e ls  o c c u r r e d  when th e  o rg a n ism s  
were a l lo w e d  to  d e p u r a t e  In  c l e a r  w a t e r .  F o l lo w in g  the  I n i t i a l  r a p i d  
e l i m i n a t i o n  a lo n g  p l a t e a u  p h ase  began  in  w h ich  l i t t l e  o r  no r e d u c t i o n  
i n  th e  c o n c e n t r a t i o n  o f  h y d ro c a rb o n s  o c c u r r e d .
I n  th e  p r e s e n t  s tu d y ,  t h e  d o s in g  and  d e p u r a t io n  o f  M, d em lssu s  
o c c u r r e d  in  t h e  same l o c a t i o n .  T h is  m eant t h a t  d u r in g  r e c o v e ry  t h e  
m u sse ls  w ere s u b j e c t  t o  r e c o n t a m i n a t io n  from th e  s u r ro u n d in g  e n v iro n m e n t ,  
T h is  s t u d y ,  th e n ,  w i t n e s s e s  a c o m b in a t io n  o f  two p r o c e s s e s ;  th e  d e p u r a t i o n  
o f  M. dem ise  us and th e  d e p u r a t i o n  o f  th e  m a rsh .  F ig u re  9 Bhovs t h e  
c o n c e n t r a t i o n s  o f  th e  s a t u r a t e d  and  a r o m a t i c  hydrocarbon  f r a c t i o n s  
found in  th e  m u s s e ls  d u r i n g  t h e  r e c o v e r y  p e r i o d .  I t  a p p e a r s  t h a t  t h e  
a ro m a t ic  f r a c t i o n  fo l lo w e d  a  two p h ase  e l i m i n a t i o n .  The s a t u r a t e  
f r a c t i o n  d e c r e a s e d  I n  a more s t e a d y  m anner.
When t h e  a r o m a t i c  c o n c e n t r a t i o n / s a t u r a t e  c o n c e n t r a t i o n  r a t i o s  
a r e  compared o v e r  t h e  r e c o v e ry  p e r i o d ,  I t  becomes e v id e n t  t h a t  d i f f e r e n t  
p r o c e s s e s  were i n f l u e n c i n g  th e  c o n c e n t r a t i o n s  o f  th e s e  compound ty p e s  
in  th e  m u s s e l s .  The r a t i o  was h ig h e r  from e x t r a c t s  o f  m u ss e ls  sam pled 
two weeks p o s t  d o s in g  th a n  I t  was i n  t h e  d o s in g  o i l  (F ig u re  1 0 ) .  T h i s  
e n r ic h m e n t  o f  a r o m a t l c s  h a s  been  found in  s t u d i e s  w ith  o t h e r  m a r in e
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a o H u s k s  (A n d e rs o n ,  1973 ; S teg e m an  and  T e a l ,  1 9 7 3 ) ,  As Che time a f t e r  
t h e  l a a t  d o s in g  l e n g t h e n e d ,  t h e  a r o m a t i c  c o n c e n t r a t i o n / s a t u r a t e  concen­
t r a t i o n  r a t i o  d e c r e a s e d  i n d i c a t i n g  a m ore r a p i d  l o s s  of a ro m a t lc s  
r e l a t i v e  t o  s a t u r a t e s  had  o c c u r r e d  In  K. d e m ls s u s . T h is  r e d u c t io n  
a g r e e d  w i t h  d a t a  from  D IS a lv o ,  a l .  (1975) w h ich  showed t h a t  H y t l lu s  
e d u l i s  ( c o n ta m in a t e d  from  an  o i l  s p i l l ,  and d e p u r a t e d  In  c l e a n  w a te r)  
l o s t  s i g n i f i c a n t l y  more a r o m a t l c s  th a n  a l k a n e s  by th e  10t h  week. In  
t h e  p r e s e n t  s t u d y ,  h o w ev er ,  t h e  d e c r e a s e  i n  t h e  a ro m a t ic  c o n c e n t r a t i o n /  
s a t u r a t e  c o n c e n t r a t i o n  r a t i o  may have  b e e n  a con seq u en ce  o f  b o th  the  
more r a p i d  d e p u r a t i o n  o f  a r o m a t l c s  th a n  s a t u r a t e s  from H. demlsgus a n d / o r  
a  r e d u c t i o n  i n  r e c o n t a m i n a t l o n  o f  m u s s e l s  by a r o m a t i c  compounds from 
th e  p o l l u t e d  e n v i ro n m e n t .  R e g a r d l e s s  o f  w hich mechanism s were r e s p o n s ib l e ,  
a  s i g n i f i c a n t  r e d u c t i o n  o f  p o l l u t a n t  h y d ro c a rb o n s  in  M> dem laaus had 
o c c u r r e d  by 15 weeks a f t e r  t h e  c e s s a t i o n  o f  d o s i n g .
A g a s  ch rom atog ram  o f  F r a c t i o n  1 ( s a t u r a t e s )  from  con tam ina ted  
m u s s e ls  i s  shown ( F i g u r e  11) ■ T h i s  chrom atogram  i s  s i m i l a r  to  the  
o t h e r s  o b t a i n e d  from  t h e  m u s s e l s  d u r in g  th e  r e c o v e r y  p e r i o d ,  and Is  
a l s o  s i m i l a r  t o  o n e s  o b t a i n e d  by  o t h e r  r e s e a r c h e r s  w orking  w ith  o i l  
c o n t a m in a te d  s h e l l f i s h  (B u rn s  an d  T e a l ,  1971; S tegem an and T e a l ,  1973; 
Blumer, e t  a l . ,  1970b and o t h e r s ) .  A GC-MS a n a l y s i s  o f  t h e  prominent 
p e a k s  i n  t h i s  ch ro m a to g ram , w h ic h  a r e  t h e  d o m in a n t  f e a t u r e  o f  moat o f  
t h e  s a t u r a t e  ch ro m a to g ram s  f ro m  a l l  o rg a n is m s  I n  th e  p r e s e n t  s tu d y ,  
r e v e a l e d  s p e c t r a  t h a t  w ere  i d e n t i f i e d  a s  b e lo n g in g  to  t h e  l a o p re n o ld s ,  
p r l s t a n e  and  p h y ta n e .
An e x a m in a t io n  o f  t h e  g as  c h ro m a to g ram s  o f  th e  a ro m a tic  f r a c t i o n  
from  Mud P o i n t  C re e k  m u s s e l s  d u r i n g  t h e  r e c o v e ry  p e r io d  r e v e a le d  s e v e r a l  
l a r g e  p e a k s  t h a t  c o r r e s p o n d e d  w i t h  p e a k s  in  t h e  a ro m a t ic  f r a c t i o n  of
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the  d o s in g  o i l .  S u b s e q u e n t  GOMS a n a l y s i s  o f  t h e  aroma t i c  a from th e  
m u sse ls  con f irm ed  t h a t  t h e s e  compounds w ere  p e t ro le u m  a r o m a t ic  h y d ro ­
c a rb o n s .  T ab le  4 shows t h e  I d e n t i t i e s  and  a p p ro x im a te  c o n c e n t r a t i o n s  
of t h e s e  compounds i n  m u s s e l  e x t r a c t s  o b t a i n e d  d u r in g  t h e  re c o v e ry  
p e r io d .  A co m p ar iso n  o f  t h e  a r o m a t l c s  i n  th e  m u s s e ls  two weeks a f t e r  
d o s in g  (F ig u r e  12) w i t h  t h e  a r o m a t ic  f r a c t i o n  o f  th e  o i l  (F ig u re  5) 
showed c o n s i d e r a b l y  s m a l l e r  c o n t e n t  o f  lo w er  m o le c u la r  w e ig h t  a r o m a t lc s  
In m u s s e l s .  T h is  s i t u a t i o n  p r o b a b ly  r e s u l t e d  from th e  r a p i d  e v a p o r a t i o n  
of th e  low er  m o le c u la r  w e ig h t  compounds from t h e  a i l  s l i c k  d u r in g  
d o s in g ,  and from t h e  d e p u r a t i o n  o f  t h e  lo w er  m o l e c u la r  w e ig h t  a r o m a t lc s  
from o rg a n ism s  d u r in g  r e c o v e r y .  I n  t h i s  r e g a r d ,  a s t u d y  on th e  d e p u r a t i o n  
of h y d ro c a rb o n s  from  o y s t e r s  r e p o r t e d  t h a t  t h e  t r i a r o m a t i c  h y d ro c a rb o n s  
were r e t a i n e d  from  th e  l o n g e s t  t im e  p e r i o d s  (A n d e rso n ,  1 9 7 5 ) .  By th e  
15th  week o f  r e c o v e ry  t h e  c o n c e n t r a t i o n  o f  t h e  a r o m a t l c s  in  th e  m u s s e ls  
had s i g n i f i c a n t l y  d e c r e a s e d  (T a b le  1 3 ) ,  bu t  p e a k s  No. 9 ( 2 , 3 , 6- t r l m e t h y l -  
n a p h t h a l e n e ) , No. 21 ( f l u o r a n t h e n e ) , and No. 23 ( p y r e n e )  had become 
more p ro m in e n t  in  th e  chrom atogram  ( F ig u r e  1 3 ) .  In  o r d e r  to  d e te rm in e  
i f  t h e s e  r e l a t i v e  I n c r e a s e s  i n  p e a k  h e i g h t  c o n t i n u e d ,  and  to  exam ine 
the r e c o v e ry  o f  m u s s e l s  o v e r  a  l o n g e r  te rm ,  sam ples  o f  M. dem laaua and 
of s e d im e n t  w ere c o l l e c t e d  In  t h e  W h i t t a k e r  C reek  H a r s h .
The W h i t t a k e r  C reek  M arsh had been  d o sed  w i t h  an  "uncharac te r is& ed"  
No. 2 f u e l  o i l  ( s e e  M e th o d s ) ,  and  m u s s e l  and sed im en t  sam p le s  w ere c o l ­
l e c t e d  a f t e r  16 m onths o f  r e c o v e r y .  O ld e r  m u s s e ls  w ere  c o l l e c t e d  to  
In s u re  t h a t  th e y  had been  p r e s e n t  d u r in g  th e  d o s in g  p e r i o d s .  The g a s  
chrom atogram  o f  t h e  s a t u r a t e  f r a c t i o n  e x t r a c t e d  from  t h e  sed im en t  had 
the  " w e a th e re d  o i l "  a p p e a r a n c e  w hich  i n d i c a t e d  t h a t  o i l  s a t u r a t e s  w ere 
p r e s e n t .  The c o n c e n t r a t i o n  o f  t h e  s a t u r a t e  f r a c t i o n  i n  m u s s e ls  from
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t h i s  m arsh ,  how ever, was n e a r l y  e q u i v a l e n t  t o  c o n t r o l  s am p les  (T ab le  13 ) .  
A p p a re n t ly  th e  p e t ro le u m  s a t u r a t e s  t h a t  were p r e s e n t  In  t h e  m u sse ls  
w ere  d e p u ra te d  o r  m e ta b o l i z e d  by t h e  16 m onth . I t  a p p e a r s  t h a t  e i t h e r  
r e c o n ta m in a t io n  by p e t ro le u m  s a t u r a t e s  from t h e  sed im en t d id  n o t  c o n t in u e  
to  o ccu r  t h i s  lo n g  a f t e r  d o s in g  o r  t h a t  r e c o n t a m l n a t lo n  o f  m u s s e ls  
o c c u r r e d  a t  a r a t e  w hich was more th a n  Com pensated f o r  by th e  p ro c e s s  
o f  d e p u r a t io n  a n d / o r  m e ta b o l i s m .  A rom atic  h y d ro c a rb o n s  from th e  o i l  
w ere  e v id e n t  I n  b o th  th e  s e d im e n t  and th e  m u s s e l s ,  s u g g e s t in g  r e c o n -  
t a m ln a t lo n  from s e d im e n ts  o r  lo n g  r e s id e n c e  t im e  i n  th e  t i s s u e s  o f  K. 
d e m ls s u s .
An e x a m in a t io n  o f  t h e  a ro m a t ic  f r a c t i o n  o f  e x t r a c t s  from th e  
m u sse ls  o b ta in e d  In  W h i t ta k e r  C reek  showed t h a t  r e l a t i v e  i n c r e a s e s  In  
p eak  h e ig h t  o f  p a r t i c u l a r  a r o m a t i c  compounds (fo u n d  d u r in g  15 weeks 
re c o v e ry  In  Hud P o in t  Creek m u s s e l s )  had a l s o  o c c u r r e d  in  th e s e  m u sse ls .  
In  th e  chromatogram of  th e  a r o m a t i c  f r a c t i o n  from  t h e  m u s s e ls  (F ig u re  
13) th e  Bane p e a k s ,  e s p e c i a l l y  Ho. 9 ( 2 , 3 , 6- t r i m e t h y l n a p h t h a l e n e ) , w ere 
even  motc p ronounced .  C om parison  o f  t h i s  chrom atogram  w i th  one from 
W h i t ta k e r  Creek Marsh se d im e n t  shows t h a t  t h e  2 , 3 , 6- 1r lm e th y 1n a p h th a le n e  
p eak  I s  r e l a t i v e l y  l a r g e r  i n  t h e  m u sse l  e x t r a c t  th a n  In  t h e  sed im en t 
e x t r a c t  (F ig u re  1 5 ) .  S im i l a r  r e l a t i v e  i n c r e a s e s ,  how ever,  w ere  no t 
a p p a r e n t  f o r  th e  t e t r a c y c l i c  a r o m a t l c s .  I n  t h e i r  work on th e  p o ly c y c l i c  
a ro m a t ic  h y d ro ca rb o n s  e x t r a c t e d  from o y s t e r s  c h r o n i c a l l y  p o l l u t e d  by 
o i l ,  Cahnmann and  K a ra tsu n e  (1957) found a compound t h a t  th e y  t e n t a t i v e l y  
I d e n t i f i e d  a s  a  t r l m e t h y l n a p h t h a l e n e  b ased  on co m p ar iso n  o f  i t s  
a b s o r p t i o n  sp e c tru m  w i th  t h a t  o f  2 , 3 , 6 - t r i m e t h y l n a p h t h a l e n e .  The con­
c e n t r a t i o n s  o f  o t h e r  p o l y c y c l i c  a r o m a t lc s  th e y  r e p o r t e d  w ere  pyrene  a t  
0 ,1 - 0 . 1 6  ppm (w et w e ig h t ) ,  f l u o r a n t h e n e  a t  0 - 6- 1.0  ppm (wet w e ig h t ) ,
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a n d  s e v e r a l  o t h e r  compounds a t  much lo w e r  c o n c e n t r a t i o n s . The agreem ent 
b e tw e e n  t h e i r  f i n d i n g s  and th o s e  r e p o r t e d  h e r e  e m p h a s iz e s  t h a t  s i m i l a r  
p r o c e s s e s  seem t o  c a u s e  t h e  lo n g  te rm  a c c u m u la t io n  a n d / o r  r e t e n t i o n  o f  
p a r t i c u l a r  p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s  In  f i l t e r  f e e d in g  rao H u s k s .  
T h e s e  p r o c e s s e s ,  and t h e  p o s s i b i l i t y  o f  u t i l i z i n g  t h e  c o n t e n t  o f  t h e s e  
compounds In  m o l lu s k a n  t i s s u e  t o  m o n i to r  c h r o n ic  o i l  p o l l u t i o n ,  shou ld  
b e  e x p l o r e d  b y  f u r t h e r  r e s e a r c h *
I t  h a s  b e e n  s u g g e s t e d  t h a t  m u s s e l s  c a n n o t  m e t a b o l i z e  a ro m a t ic  
h y d r o c a r b o n s  (L e e ,  e t  a l , , 1972; E h r h a r d t  and H einem ann, 1 9 7 5 ) .  I n  th e  
p r e s e n t  s t u d y ,  t h e  r e l a t i v e  i n c r e a s e s  i n  an a l k y l n a p h t h a l e n e  and some 
t e t r a c y c l i c  a r o m a t l c s  I n d i c a t e d  t h a t  M. dem issue  p o s s i b l y  d eg rad e d  o r  
s e l e c t i v e l y  d e p u r a t e d  some a r o m a t i c  com pounds. I t  r e m a in s  u n c l e a r ,  how­
e v e r ,  w h e th e r  t h e  r e l a t i v e  i n c r e a s e  I n  t h e s e  compounds r e s u l t e d  from 
s e l e c t i v e  p r o c e s s e s  t h a t  o c c u r r e d  w i t h i n  th e  m u s s e ls  o r  r e s u l t e d  from 
f r a e t l o n a t i o n  o f  a r o m a t i c  compounds I n  th e  m arsh  e n v i ro n m e n t  p r i o r  to 
c o n t a c t i n g  t h e  o r g a n i s m s .  I n  any  e v e n t ,  t h e  r e l a t i v e  I n c r e a s e  of 
s e l e c t e d  a r o m a t i c  com pounds o c c u r s  In  K. de ro lssu s  o v e r  e x te n d e d  t im e  
p e r i o d s  d u r i n g  m a rsh  r e c o v e r y .
B ased  o n  t h e  f i n d i n g s  o f  l a b o r a t o r y  d o s in g  and d e p u r a t i o n  
s t u d i e s ,  C l a r k  and F i n l e y  (1975) s t a t e d  t h a t  t h e  u t i l i t y  o f  a ro m a t ic  
com pounds f o r  m a r in e  p o l l u t i o n  m o n i t o r i n g  may be somewhat l i m i t e d  becau se  
a r o m a t l c s  w e re  d e p u r a t e d  from  o rg a n is m s  i n  r e l a t i v e l y  s h o r t  t im e  p e r i o d s .  
Dunn and S t l c h  (1 9 7 6 ) ,  h o w ev er ,  r e p o r t e d  t h a t  t h e  r e l e a s e  o f  p o l y c y c l i c  
a r o m a t i c  h y d r o c a r b o n s  from  m o l lu s k s  c o n ta m in a te d  by c h r o n ic  e x p o su re  
t o  p o l l u t e d  w a t e r  i n  t h e  e n v i ro n m e n t  may be s lo w e r  t h a n  th e  r e l e a s e  of 
t h e s e  compounds from  o r g a n i s m s  h e a v i l y  lo a d e d  by a c u t e  e x p o s u re  i n  th e  
l a b o r a t o r y .  T hey  fo u n d  t h a t  t h e  r e s i d e n c e  t im e  o f  b e n z o ( a )  p y re n e  In
n o
m u s s e l s  makes t h e s e  m ol luska  a t t r a c t i v e  a s  b l o s e c u m u l a t o r s  I n  p o l l u t i o n  
m o n i t o r i n g  p rog ram s .  I n  t h e  p r e s e n t  s t u d y t t h e  d a t a  I n d i c a t e d  t h a t  
t h e  aromatic  f r a c t i o n  I s o l a t e d  f ro m  th e  m u s s e l ,  M. d e m i s s u g , In a 
p o l l u t e d  env i ronm ent may be u s e f u l  as  an o i l  p o l l u t i o n  m o n i t o r  foT 
some t ime a f t e r  t h e  I n t r o d u c t i o n  o f  p o l l u t a n t  o i l .  M e a s u re a b le  c o n c e n ­
t r a t i o n s  of a r o m a t i c  compounds w ere  p r e s e n t  t n  M. d e m la s u s  f o r  e x t e n d e d  
t ime per iods  and  a l t h o u g h  some f r a c t i o n a t i o n  p r o c e s s e s  w ere  e v i d e n t ,  t h e  
g e n e r a l  shape o f  t h e  gas chromatograms of  a r o m a t l c s  e x t r a c t e d  from t h e  
m u s s e l s  remained q u i t e  s i m i l a r  t o  t h e  gas ch rom atogram s  o f  t h e  d o s i n g  
o i l .  Conf i rm atory  GC-MS a n a l y s i s  showed t h a t  t h e  a r o m a t l c s  i n  m u s s e l  
e x t r a c t s  were from th e  dos ing  o i l .
Anderson (1975) found < 0 .1  ppm s a t u r a t e s  (wet w e i g h t )  and 
<0 .1  ppm a r o m a t l c s  In  u n p o l l u t e d  C r a s s o B t r e a  v l r g i n i c a . The c o n c e n t r a t i o n s  
o f  Ind igenous  h y d ro c a rb o n s  found i n  t h e  p r e s e n t  r e s e a r c h  w ere  a l s o  low 
( s a t u r a t e s  0 .0 9  ppm {wet w e i g h t ) ;  a r o m a t l c s  0 .0 1  ppm (wet w e i g h t ) ) .
No d e c r e a s e  I n  the  p o p u l a t i o n  o f  o y s t e r s  w ere  o b s e rv e d  I n  th e  
p r e s e n t  s tudy  a s  a r e s u l t  o f  d o s i n g  w i t h  No. 2 f u e l  o i l .  T h i s  r e s u l t  
was n o t  u n e x p e c te d ,  however,  b e c a u s e  Stegeman and T e a l  (1973)  found 
t h a t  when o y s t e r s  were exposed t o  h i g h  c o n c e n t r a t i o n s  o f  o i l ,  th e y  k e p t  
t h e i r  s h e l l s  t i g h t l y  c l o s e d  and a v o i d e d  c o n t a c t  w i t h  t h e  o i l .  P r o b a b ly  
no m o r t a l i t i e s  o f  o y s t e r s  were o b s e r v e d  I n  t h e  o i l  c o n t a m i n a t e d  marsh 
b e c a u s e  they c l o s e d  t h e i r  B he i le  when h ig h  c o n c e n t r a t i o n s  o f  o i l  were  
p r e s e n t .
Although t h e  t a i n t i n g  o f  o y s t e r  m ea ts  by p e t r o l e u m  had b e e n  
r e p o r t e d  for  y e a r s  (Kackln  and S p a r k s ,  1 962 ) ,  and  some a n a l y t i c a l  
s t u d i e s  had d e m o n s t r a t e d  p e t ro l e u m  a r o m a t i c  h y d r o c a r b o n s  I n  o y s t e r  t i s s u e  
from c h r o n i c a l l y  c o n ta m in a te d  e n v i ro n m e n t s  (Cahnmann and K u r a t s u n e ,  1957 ;
I l l
M a l l e t ,  1967) ,  I t  was n o t  u n t i l  B lu m e r ' s  work  w i th  o y s t e r s  f o l l o w i n g  t h e  
Meat  Falmouth s p i l l  t h a t  t h e  co n c e rn  about  t h e  a c c u m u la t io n  o f  p o t e n t i a l l y  
dange rous  a r o m a t i c  h y d ro c a rb o n s  by t h e s e  s h e l l f i s h  was e m phas ized .  Blumer ,  
e t  a l . (1970a) and Blumer,  £ t  a l .  (1970b) found c o n t a m i n a t i o n  o f  s h e l l ­
f i s h  by p e t ro l e u m  h y d ro c a rb o n s  from t h e  West Falmouth s p i l l  o f  Mo. 2 
f u e l  o i l .  What g e n e r a t e d  t h e  most i n t e r e s t ,  however,  was t h a t  c o n t a m in a t e d  
o y s t e r s ,  m a in t a i n e d  i n  c l e a n  w a te r  f o r  up to  180 d a y s ,  showed l i t t l e ,  i f  
a n y ,  b l o d e g r e d a t i o n  o f  t h e  p e t ro l e u m  h y d ro c a rb o n  c o n t e n t  o f  t h e i r  t i s s u e s .  
T h i s  I n d i c a t e d  t h a t  once  o y s t e r s  were  c o n ta m in a te d  by o i l  t h e y  e i t h e r  
d i d  n o t  r e c o v e r  o r  r e c o v e r e d  v e ry  s l o w l y .  S ince  t h e n ,  s t u d i e s  have 
shown t h a t  t h e  m a j o r i t y  o f  h y d ro c a rb o n s  w ere  r a p i d l y  l o s t  f rom  o y s t e r  
t i s s u e  when t h e  o rg a n i s m s  were a l lo w e d  t o  d e p u r a t e  I n  c l e a n  w a t e r  
(Anderson ,  1973; A nderson ,  1975;  N e f f ,  1974;  Anderson ,  e l  i l l . , 1974; 
Vaughan,  1973;  and Stegeman and T e a l ,  1 973 ) .  In  the  p r e s e n t  s t u d y  
o y s t e r s  r e co v e re d  s i t u  y e t  s a t u r a t e  and a r o m a t i c  h y d r o c a r b o n s  d e c r e a s e d  
d u r i n g  the  r e c o v e r y  p r o c e s s  (F ig u r e  16,  T a b l e  14 ) ,  T h i s  r e a f f i r m s  t h e  
c o n c l u s i o n  t h a t  t h e  m a j o r i t y  o f  p e t r o l e u m  h y d ro c a rb o n s  a r e  l o s t  r a p i d l y  
from con tam ina ted  o y s t e r s .  In  t h e  work o f  Anderson ( 1 9 7 3 ) ,  Anderson  
(1 9 7 5 ) ,  and Nef f  ( 1 9 7 4 ) ,  no d e t e c t a b l e  amounts  o f  h y d r o c a r b o n s  were  
found  In o y s t e r  t i s s u e  a f t e r  52 d ay s  o f  d e p u r a t i o n  I n  c l e a n  w a t e r .  The 
p r e s e n t  s t u d y ,  however ,  found q u a n t i t i e s  o f  a r o m a t i c  h y d r o c a r b o n s  s u f ­
f i c i e n t  f o r  a n a l y s i s  i n  o y s t e r  t i s s u e  a f t e r  15 weeks o f  lr i s i t u  d e p u r a t i o n .  
The chromatogram o f  t h e  s a t u r a t e  f r a c t i o n  from t h i s  sample  r e t a i n e d  th e  
"w e a th e red  o i l 1' a p p e a r a n c e  i n d i c a t i n g  t h a t  o i l  h y d r o c a r b o n s  and breakdown 
p r o d u c t s  o f  t h e  o i l  were  p r e s e n t ,
E h r h a r d t  (1972) found h ig h  c o n c e n t r a t i o n s  o f  a r o m a t i c  p e t r o l e u m  
hy d ro ca rb o n s  in  c h r o n i c a l l y  p o l l u t e d  o y s t e r s .  Anderson (1973)  and Stegeman
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and T ea l  (1973) found e n r i c h m e n t  o f  a r o m a t i c  h y d ro ca rb o n s  r e l a t i v e  t o  
s a t u r a t e s  (compared w i t h  the  d o s i n g  o i l )  i n  o y s t e r s  exposed  t o  No. 2 
f u e l  o i l .  The p r e s e n t  s t u d y  a l s o  found t h i s  e n r i c h m e n t  o f  a r o m a t l c s  
in  o y s t e r  t i s s u e .  F i g u r e  17 shows t h e  changes  i n  t h e  a ro m a t ic  c o n c e n t r a t i o n /  
s a t u r a t e  c o n c e n t r a t i o n  r a t i o  and  i n d i c a t e s  t h e r e  was a s t e a d y  d e c r e a s e  
In  t h e  c o n c e n t r a t i o n  o f  t h e  a r o m a t i c  f r a c t i o n  r e l a t i v e  t o  the  s a t u r a t e  
f r a c t i o n  d u r i n g  t h e  r e c o v e r y  p e r i o d .  The more r a p i d  d e c r e a s e  i n  the 
a r o m a t i c  f r a c t i o n  may be due t o  s e v e r a l  f a c t o r s ,  b u t  a d e c r e a s e  In  
r e c o n t a m l n a t l o n  o f  o y s t e r s  by t h e  more s o l u b l e  a r o m a t l c s  (which would 
p r o b a b l y  be f l u s h e d  fTom th e  m arsh  by t i d a l  a c t i o n  more r a p i d l y  than  
t h e  l e s s  s o l u b l e  s a t u r a t e s )  seems q u i t e  p r o b a b le .
The g a s  chromatograms o f  t h e  s a t u r a t e s  o b t a i n e d  from o y s t e r s  
d u r i n g  th e  r e c o v e r y  p e r i o d  were c h a r a c t e r i z e d  by a n  u n re s o lv e d  en v e lo p  
w i th  two p ro m in e n t  p e a k s .  A GC-MS a n a l y s i s  o f  t h e s e  e x t r a c t s  showed 
t h e s e  p eak s  t o  be t h e  e x p e c te d  i a o p r e n o l d s ,
E h r h a r d t  (1972)  examined t h e  h y d ro c a rb o n s  in  c h r o n i c a l l y  
p o l l u t e d  o y s t e r s  from G a lv e s to n  Bay,  T e x a s .  The compounds he found  i n  
t h e  lower  m o l e c u l a r  w e i g h t  p o r t i o n  o f  t h e  a ro m a t ic  f r a c t i o n  e x t r a c t e d  
from o y s t e r s  i n c l u d e d  b e n z e n e s ,  l n d a n e s ,  n a p h t h a l e n e s  and t h e i r  a l k y l  
d e r i v a t i v e s .  I n  t h e  h i g h e r  m o l e c u l a r  w e i g h t  p o r t i o n  o f  the  a r o m a t i c  
f r a c t i o n ,  he found  b i p h e n y l s ,  a c e n a p h t h e n e s ,  t e t r a h y d r o p h e n a n t h r e n e s ,  
f l u o r e n e s ,  p h e n a n t h r e n e s  and t h e i r  a l k y l  d e r i v a t i v e s .  He used a non­
c o m p u te r iz ed  GC-MS s y s t e m  w i th  a  r e l a t i v e l y  long (15 s e c . )  s can  t im e ,  
f o r  a n a l y s i s  and  d i d  n o t  s can  t h e  e n t i r e  h igh  m o l e c u l a r  weigh t  r e s i d u e .  
T h e r e f o r e ,  t h e  s p e c t r a  o f  t h e  u n r e s o l v e d  background  cou ld  no t  b e  sub­
t r a c t e d  from t h e  s p e c t r a  o f  t h e  gas  c h ro m a to g ra p h i c  p e a k s ,  numerous 
compounds w ere  i n c l u d e d  I n  each  s c a n ,  and  some p o l y n u c l e a r  a r o m a t i c
113
compounds may no t  have been d e t e c t e d .  I t  l a  n o t  s u r p r i s i n g ,  t h e n ,  t h a t  
many o f  t h e  compounds p r e s e n t  I n  t h e  h i g h e r  m o l e c u l a r  w e ig h t  p o r t i o n  
□f h l a  o y s t e r  e x t r a c t s  were found ,  by t h e  p r e s e n t  s t u d y ,  In t h e  u n r e s o l v e d  
e n v e lo p  o f  o y s t e r  e x t r a c t s  and d id  n o t  r e p r e s e n t  p r o m i n e n t  r e s o l v a b l e  
p e a k s .
F i g u r e  18 and Table 4 show th e  r e s u l t s  o f  a GC-MS a n a l y s i s  
o f  t h e  a r o m a t i c  f r a c t i o n s  o b t a in e d  from o y s t e r s  d u r i n g  th e  r e c o v e r y  
p e r i o d .  The gas  chromatograms o f  t h e s e  e x t r a c t s  show t h a t  t h e  l o v e r  
m o l e c u l a r  w e i g h t  a r o m a t l c s  from th e  o i l  w ere  n o t  p r e s e n t  I n  t h e  o y s t e r s  
two weeks a f t e r  d o s in g  ended ( F i g u r e  1 8 ) .  A l o s s  o f  more o f  t h e  l o w e r  
m o l e c u l a r  w e i g h t  a r o m a t l c s  were  o b s e rv e d  from t h e  two week sample  to  
the  s i x  week sam ple .  This  l e f t  t h e  t r l -  and t e t r a c y c l i c  a r o m a t l c s  
which were  o bse rved  hy o t h e r s  t o  be r e t a i n e d  f o r  t h e  l o n g e s t  t im e  
p e r i o d s  In  o y s t e r s  d e p u r a t i n g  I n  c l e a n  w a t e r  ( A n d e r s o n ,  1 9 7 3 ) .  Ho 
n o t a b l e  r e l a t i v e  i n c r e a s e s  In peak  h e i g h t s  w ere  o b s e r v e d  in  e x t r a c t s  
of  t h e  o y s t e r s  d u r i n g  t h e  r e c o v e ry  p e r i o d .  A l th o u g h  t h i s  t e n d s  t o  
s u p p o r t  E h r h a r d t ' s  (1972) c o n c l u s i o n  t h a t  o y s t e r s  n o n - s p e c i f i n a l l y  
a c c u m u la te  p e t ro l e u m  h y d roca rbons ,  t h i s  r e s u l t  wae somewhat s u r p r i s i n g  
In v i e w  o f j
1. The r e s u l t s  of  t h e  p r e s e n t  s t u d y  on M od io lu s  d e m i s s u a , 
which show r e l a t i v e  I n c r e a s e s  in  p e a k  h e i g h t s  o f  2 , 3 , 6 -  
t r l m e t h y l n a p h t h a l e n e  and t h e  t e t r a c y c l i c s ,  f  l u o r a n t h e n e  
and p y r e n e .
2. The s i m i l a r i t i e s  o f  t h e  r e s u l t s  o f  t h e  s t u d y  on K. d e m l s s u s  
w i t h  t h o s e  r e p o r t e d  by Cahnmann and K u ra t s u n e  (1957)
f o r  o y s t e r s  c h r o n i c a l l y  c o n t a m i n a t e d  by o i l .  A l th o u g h  
s e v e r a l  a l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h i s  o c c u r r e n c e  can
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be a d v a n c e d ,  t h e  p o s s i b i l i t i e s  t h a t  o y s t e r s  r e q u i r e  h i g h e r  
c o n c e n t r a t i o n s  o f  c o n t a m i n a n t  a n d / o r  more  r e c o v e r y  t i m e ,  
b e f o r e  t h e s e  a r o m a t i c  compounds a r e  s e l e c t i v e l y  a c c u m u l a t e d ,  
seem q u i t e  l i k e l y  - 
The p r e s e n t  r e s e a r c h  exam ined  t h e  r e l e a s e  o f  p e t r o - s u l f u r  
compounds by M o d io lu s  d e m l s s u s  and  C r a s s o s t r e a  v i r g i n i c a  d u r i n g  t h e  
r e c o v e r y  p e r i o d .  T h i s  p o r t i o n  o f  t h e  r e s e a r c h  was u n d e r t a k e n  b e c a u s e  
v i r t u a l l y  n o t h i n g  was known ab o u t  t h e  r e t e n t i o n  o f  p e t r o - s u l f u r  com­
pounds  by s h e l l f i s h ,  and b e c a u s e  o f  r e s e a r c h  which  i n d i c a t e d  t h a t  t h e  
m a r i n e  i aopod ,  L y g l a  s p p ., may a c c u m u l a t e  p e t r o - s u l f u r  compounds t o  a 
g r e a t e r  e x t e n t  t h a n  p e t r o l e u m  a r o m a t i c  h y d r o c a r b o n s  f o l l o w i n g  e x p o s u r e  
t o  a s p i l l  o f  f u e l  o i l  (W a rn e r ,  1 9 7 5 ) .  The p e t r o - s u l f u r  compounds 
found i n  t h e  d o s i n g  o i l  I n c l u d e d  b e n z o t h l o p h e n e s , a n d  d i b e n z o t h l o p h e n e s  
a n d  t h e i r  a l k y l  d e r i v a t i v e s  { F i g u r e  2 2 ) .  I n  t h e  s a m p l e s  o f  o y s t e r s  
and m u s s e l s  o b t a i n e d  two w eeks  a f t e r  d o s i n g  en d ed ,  n o  p e t r o - s u l f u r  
compounds w i t h  m o l e c u l a r  w e i g h t  b e l o w  m e t h y l  b e n z o t h l o p h e n e  w e r e  found  
( F i g u r e s  23 and 2 4 ) .  By t h e  end  o f  t h e  s t u d y  p e r i o d ,  more l o s s  o f  
lo w e r  m o l e c u l a r  w e i g h t  p e t r o - s u l f u r  compounds had  o c c u r r e d ,  and  t h e  
15 week sam p le  showed no p e t r o - s u l f u r  compounds b e lo w  d i b e n z o t h l o p h e n e  
( o y s t e r s )  a n d  m e t h y l d l b e n z o t h i o p h e n e  ( m u s s e l s ) .  The  d e c r e a s e s  I n  
c o n c e n t r a t i o n  o f  t h e  p e t r o - s u l f u r  compounds i n  t h e  m o l l u s k s  o v e r  t h e  
r e c o v e r y  p e r i o d  a r e  shown ( F i g u r e s  19 a n d  2 0 ) .  T h e s e  f i g u r e s  a n d  
F i g u r e  25 which  shows t h e  c h a n g e s  i n  t h e  w e i g h t  r a t i o  o f  p e t r o - s u l f u r  
t o  a r o m a t l c s  f o r  t h e  m o l l u s k s  i n d i c a t e d  t h a t  t h e  p e t r o l e u m  s u l f u r  
compounds w ere  r e l e a s e d  f r o m  t h e s e  o r g a n i s m s  a t  a b o u t  t h e  same r a t e  
a s  t h e  a r o m a t i c  h y d r o c a r b o n s .
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These  d a t a  w ere  i n c o n c l u s i v e  r e g a r d i n g  t h e  c o n t e n t  o f  p e t r o -  
s u l f u r  compounds a c c u m u l a t e d  by t h e s e  f i l t e r  f e e d i n g  m o l l u s k s  d u r i n g  
and i m m e d i a t e l y  f o l l o w i n g  t h e  e x p e r i m e n t a l  d o s i n g .  B o th  m o l lu s k s  had 
s l i g h t l y  h i g h e r  am oun ts  o f  p e t r o - s u l f u r  compounds ( r e l a t i v e  t o  a r o m a t l c s )  
t h a n  t h e  d o s i n g  o i l  2 weeks a f t e r  t h e  l a s t  d o s i n g .  T h i s  s u g g e s t s  t h a t  
d u r i n g  and  I m m e d ia t e ly  f o l l o w i n g  d o s i n g  t h e s e  o r g a n i s m s  may have  
a c c u m u l a t e d  p e t r o - s u l f u r  compounds t o  a  g r e a t e r  e x t e n t  t h a n  p e t r o l e u m  
a r o m a t l c s .  The d a t a  p r e s e n t e d  h e r e ,  h o w e v e r ,  show t h a t  h i g h  c o n c e n t r a t i o n s  
o f  p e t r o - s u l f u r  compounds w ere  n o t  r e t a i n e d  d u r i n g  t h e  r e c o v e r y  p e r i o d .  
R a t h e r ,  a  l a r g e  p o r t i o n  o f  t h e  p e t r o - s u l f u r  compounds w ere  l o s t  f rom 
t h e  o r g a n i s m  t i s s u e  by t h e  1 5 t h  week..
An e x a m i n a t i o n  o f  g a s  c h ro m a to g ra m s  o f  s a t u r a t e  and  a r o m a t i c  
f r a c t i o n s  o f  H e r e l a  s a m p l e s  o b t a i n e d  f rom a n  o i l  c o n t a m i n a t e d  m a r s h  
2 w eeks  a f t e r  d o s i n g  showed t h a t  o i l  h y d r o c a r b o n s  w e re  p r e s e n t  i n  t h e  
o r g a n i s m s .  A f t e r  15 weeks  o f  r e c o v e r y  t h e  c o n c e n t r a t i o n  o f  b o th  
f r a c t i o n s  had  d e c r e a s e d ,  b u t  a  l a r g e r  ( r e l a t i v e )  d e c r e a s e  was found  
f o r  t h e  a r o m a t i c  f r a c t i o n .  W h e th e r  t h e s e  d e c r e a s e s  I n  c o n c e n t r a t i o n  
r e f l e c t e d  t h e  d e p u r a t i o n  o f  i n c o r p o r a t e d  h y d r o c a r b o n s  o r  r e p r e s e n t e d  
a  r e d u c t i o n  I n  c o n t a m i n a t i o n  f ro m  t h e  s u r r o u n d i n g  e n v i r o n m e n t  I s  ( a t  
t h i s  p o i n t )  unknown.
SUMMARY
T h i s  work c o n s i s t e d  o f  two s t u d i e s *  The f i r s t  e x a m in e d  t h e  
I n c o r p o r a t i o n  o f  No. 2 f u e l  o i l  i n t o  S. a l t e m l f l o r a  and  m a rs h  s e d i m e n t s  
r e s u l t i n g  f ro m  s u c c e s s i v e  s m a l l  s p i l l a g e s  o f  No. 2 f u e l  o i l .  I n  
a d d i t i o n  t o  t h e  i n c o r p o r a t i o n  o f  o i l  i n t o  t h e  r o o t s  and  r h i z o m e s  o f  
c o n t a m i n a t e d  S p a r t i n a . e x t e n s i v e  damage and l o s s  o f  g r a s s  a c c o m p a n ie d  
by e r o s i o n  o f  t h e  u n d e r l y i n g  p e a t  and s e d im e n t  o c c u r r e d  i n  a r e a s  o f  t h e  
m a rsh  w he re  o i l  a c c u m u l a t e d .  The  r e c o v e ry  o f  S.  a l t e m i f l o r a  d u r i n g  
two g ro w in g  s e a s o n s ,  a f t e r  t h e  o i l i n g  c e a s e d  h a s  been  s l i g h t .
T he  s e c o n d  s t u d y  exam in ed  th e  a c c u m u l a t i o n ,  r e t e n t i o n  a n d  
i n  s i t u  d e p u r a t i o n  o f  p e t r o l e u m  compounds by f o u r  m a rsh  o r g a n i s m s ,  M. 
dem issuB , Ch v i r g i n i c e , L .  i r r o t a t e , and N. s u c c i n e a ,  e x p o s e d  t o  
c h r o n i c ,  low  l e v e l s  o f  No. 2 f u e l  o i l .  A l l  t h e  o r g a n i s m s  c o n t a i n e d  
c om ponen ts  o f  t h e  d o s i n g  o i l  and a n a l y s i s  r e v e a l e d  t h a t  some o r g a n i s m s  
a c c u m u l a t e d  o r  s e l e c t i v e l y  r e t a i n e d  some a r o m a t i c  h y d r o c a r b o n s  and  t h a t  
p a t t e r n s  o f  l o s s  o f  p e t r o l e u m  f r a c t i o n s  seemed t o  d e p e n d  u p o n  t h e  




The most  w i d e l y  u s e d  a b s o r b e n t s  f o r  e l u t i o n  c h r o m a to g r a p h y  o f  
p e t r o l e u m  f r a c t i o n s  a r e  s i l i c a  g e l  and  a l u m in a  ( A l t g e l t  and Gouw, 1975;  
H i r s c h ,  a l >» 1 9 7 2 ) .  S i l i c a  g e l  was found to  have  a  h i g h e r  l i n e a r  
a d s o r b e n t  c a p a c i t y  than  a l u m i n a  ( S n y d e r ,  1 9 6 8 ) ,  b u t  a l u m i n a  was found 
t o  g i v e  b e t t e r  s e p a r a t i o n  o f  a r o m a t i c  h y d r o c a r b o n s  ( A l t g e l t  a n d  Gouw, 
1 9 7 5 ) .  Tenney and S t u r g i s  (1954)  compared t h e  c h r o m a t o g r a p h i c  c h a r a c t e r -  
i a t i c s  o f  t h e s e  a d s o r b e n t s  and  e s t a b l i s h e d  g u i d e l i n e s  f o r  d e s i g n  and 
co m p ar i so n  o f  co lumns ,  Cahnmann (1957)  r e p o r t e d  t h a t  p a r t i a l  d e a c t i v a t i o n  
o f  s i l i c a  g e l  by w a t e r  im proved  i t s  c h r o m a t o g r a p h i c  c h a r a c t e r i s t i c s .
T h i s  im provement  has b e e n  o b s e r v e d  on b o t h  s i l i c a  g e l  a n d  a l u m i n a ,  and  
r e s u l t e d  b e c a u s e  w a t e r  d e a c t i v a t e d  t h e  r e l a t i v e l y  few v e r y  a c t i v e  s i t e s  
on t h e  g e l ,  b u t  d id  n o t  a f f e c t  s i t e s  w i t h  l o w e r  b u t  m o re  u n i f o r m  a c t i v i t y  
( S n y d e r ,  1 9 6 1 ) .  Snyder  ( I 9 6 0 )  r e p o r t e d  two Im provem en ts  i n  c h r o m a to ­
g r a p h i c  b e h a v i o r  from p a r t i a l  w a t e r  d e a c t i v a t i o n :  ( 1) l i n e a r  a d s o r b e n t
c a p a c i t y  i n c r e a s e d ;  and ( 2) a d s o r p t i o n  I s o t h e r m s  became l i n e a r  making 
a t h e o r e t i c a l  t r e a t m e n t  o f  t h e  a d s o r p t i o n  p r o c e s s  p o s s i b l e .  U n f o r t u n a t e l y  
d e a c t i v a t i o n  crowds r e t e n t i o n  t im es  t o g e t h e r ,  and r e d u c e s  t h e  t o t a l  
a d s o r b t l v e  c a p a c i t y  o f  t h e  g e l  ( A l t g e l t  and Gouw, 1 9 7 5 ) .  An e x c e l l e n t  
r e v i e w  a r t i c l e  by A l t g e l t  and Gouw (1975)  i s  recommended f o r  more  
i n f o r m a t i o n  on ch ro m a to g rap h y  o f  p e t r o l e u m  compounds.
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In  t h e  p r e s e n t  s t u d i e s  t h e  c h o i c e  o f  a d s o r b e n t s  and e l u e n t s  
was d e t e rm in e d  by p r a g m a t ic  r a t h e r  th a n  t h e o r e t i c a l  c o n s i d e r a t i o n s :  
c o n d i t i o n s  p r o d u c i n g  r a p i d  and r e p r o d u c i b l e  s e p a r a t i o n s  were s e l e c t e d .
F o r  s e p a r a t i o n  o f  p e t ro l e u m  a l k a n e s  e x t r a c t e d  from s e d im e n t s  a 450 x 8 mn 
column o f  100-200 mesh s i l i c a  g e l ,  d e a c t i v a t e d  w i t h  5£ by w e ig h t  w a t e r  
was u sed ,  N - p e n ta n e  was c h o s e n  as t h e  d e v e l o p i n g  s o l v e n t  b e c a u s e  o f  
i t s  e f f i c i e n c y  a s  a  washing  s o l v e n t  f o r  ch rom a tography  (Tenney and 
S t u r g i s ,  1 9 5 4 ) ,  and because  o f  I t s  low b o i l i n g  p o i n t  w h ich  a l l o w e d  r a p i d  
c o n c e n t r a t i o n  w i t h o u t  l o s s  o f  h i g h e r  b o i l i n g  h y d ro c a rb o n s  ( s e e  a p p e n d ix  
2) . The f l o w  o f  s o l v e n t  th r o u g h  t h e  column was i n c r e a s e d  by a p p l y i n g  
a p r e s s u r e  head  o f  n i t r o g e n  t o  t h e  column.  T h i s  d e c r e a s e d  t h e  t ime 
n e c e s s a r y  f o r  s e p a r a t i o n  w i t h o u t  d i s t u r b i n g  t h e  s e p a r a t i o n  c h a r a c t e r i s t i c s  
o f  the  co lumn.  The a lk a n e  f r a c t i o n  was e l u t e d  w i t h  t h e  f i r s t  30 ml of  
n - p e n t a n e .  The s e p a r a t i o n  was m on i to red  by c o l l e c t i o n  and  GC a n a l y s i s  
o f  the  30-40  ml f r a c t i o n  f rom eve ry  5 t h  sample  t h ro u g h  t h e  p r o c e d u r e .  
P r e v io u s  a n a l y s i s  o f  the  3 0 -40  ml f r a c t i o n  by mass s p e c t r o m e t r y *  showed 
i t  c o n t a i n e d  m o s t l y  a l k y l a t e d  b e n z e n e s ,  t h i s  f r a c t i o n  r e p r e s e n t e d  t h e  
f i r s t  a r o m a t l c s  th r o u g h  t h e  co lumn.  T a b l e  17 s u m n a r l z e s  t h e  e l u t i o n  
p r o p e r t i e s  o f  t h e  column.
I n  t h e  Hud P o in t  C reek  Marsh s t u d y  more d e t a i l e d  i n f o r m a t i o n  
from e x t r a c t s  o f  e n v i r o n m e n t a l  samples  was d e s i r e d .  The a b i l i t y  of  
s e v e r a l  d i f f e r e n t  columns t o  s e p a r a t e  a l i p h a t i c  and a r o m a t i c  compounds 
w ere  examined.  I t  was I n i t i a l l y  hoped to  s e p a r a t e  t h e  a r o m a t i c  p o r t i o n  
o f  the  e x t r a c t s  i n t o  s e v e r a l  d i s t i n c t  compound c l a s s e s .  S e v e r a l  s o l v e n t  
s y s tem s  were  t r i e d  on s i l i c a  g e l  and a lu m in a  t o  d e t e r m i n e  what  com­
b i n a t i o n  would  g i v e  t h e  b e s t  s e p a r a t i o n s .  A l th o u g h  s a t i s f a c t o r y
*MS a n a l y s i s  k i n d l y  p ro v id e d  by Dr. R. P a n c l r o v  o f  Exxon,  New J e r s e y .
TABLE 17
ELUTION PROPERTIES OF THE COLUMN 1
F raction
*0-30 ml
E l u t i n g  S o lv e n t  
n -p e n ta n e
Contents
p a r a f f i n s
1- r l n g  naphthenea
2- r i n g  naphthenea
3- r i n g  naphthenea
4 - r i n g  naphthenes
5- r i n g  naphthenea
6- r i n g  naphthenea





n -p e n ta n e
n -p e n ta n e
n -p e n ta n e
n -p e n ta n e
Benzenes





T h i  o p heno phenan t  h r e n e  a
Benzenes
In d a n e s
In d e n e s
P henan th rene
P y re n e s
Benzoth lophenea
Th i  op henophe na n t  h r e  tie a
Phenylc yc lohexane
N aph tha lenes
*Mhbb s p e c  trcrnie t r i e  a n a l y s e s  k i n d l y  p ro v id e d  by C.B. Koons, Exxon 
P ro d u c t io n  R e s e a rc h  Co►, H ouston ,  T exas .
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s e p a r a t i o n s  cou ld  be a c h i e v e d ,  a l a r g e  i n i t i a l  s am p le  c h a r g e  was 
r e q u i r e d ,  and t ime f o r  s u c h  s e p a r a t i o n  was e x c e s s i v e .  I t  became a p p a r e n t  
t h a t  t h e  l i m i t a t i o n  o f  a n a l y s i s  t i m e  and  s am p le  s i z e  would  p r e c l u d e  
t h i s  t y p e  o f  s e p a r a t i o n  f o r  r o u t i n e  s a m p l e s .  I t  was d e c i d e d  t h a t  s e p a r a t i o n  
o f  h y d r o c a r b o n s  i n t o  s a t u r a t e  and a r o m a t i c  f r a c t i o n s  would  be a d e q u a t e .
A 5% w a t e r  d e a c t i v a t e d  s i l i c a  g e l  co lumn ( s i m i l a r  to  t h a t  u s e d  i n  
s t u d y  1) was c hosen .  N -a lk a n e s  w ere  e l u t e d  w i t h  25 ml o f  201 b e n z e n e  
in  p e n t a n e .  The e l u t i o n  p r o p e r t i e s  o f  t h i s  column a r e  summarized  In  
Tab le  10.
table 10
ELUTION PROPERTIES OF THE COLUMN 1
F r a c t i o n
*0—30 oil
E l u t i n g  S o l v e n t  
n - p e n t a n e
*30-55 ml 20% berutene 
i n  n - p e n t a n e
55-75 ml 
75-100 ml
201 benzene  
i n  n - p e n t a n e
a c e t o n e
C o n t e n t s
p a r a f f i n
1- r i n g  n ap h th en ea
2- r i n g  n a p h th e n e a
3- r i n g  n ap h th en ea
4 - r l n g  n ap h th en ea
5 - r i n g  n ap h th en ea
6- r i n g  n a p h th e n e a
Some a l k e n e s  ( i f  p r e s e n t )
Benzenes
tn d a n e a
Indenea
N a p h th a l e n e s
Te t r a h y d r o p h e n a t l t h r e n e a
D ih y d ro p h e n a n th re n e s
B en zo th lo p h e n e s
0 l b e n z o t h 1ophenes
N o th ing  v i s i b l e  on chromatogram 
m e th y l  s t e r a t e
*Maas a p e c t r o m e t r l c  a n a l y s e s  k i n d l y  p r o v i d e d  by C. B. koona ,  Exxon 





Since  the  p e t ro l e u m  hydrocarbon  c o n t e n t  of  env i ronm en ta l  
s amples  i s  f r e q u e n t l y  low (<10 ppm), r e l a t i v e l y  l a r g e  amounts of  
c o n ta m in a te d  m a t e r i a l  must be  e x t r a c t e d  to  o b t a i n  enough hydrocarbons  
m a t e r i a l  f o r  ana lys i s*  Moat e x t r a c t i o n  p r o c e d u r e s  employ r e p e a t e d  
s o l v e n t  e x t r a c t i o n s  o f  t h e  sample  to i n c r e a s e  y i e l d s  and e x t r a c t i o n  
e f f i c i e n c i e s !  This  r e s u l t s  I n  a r e l a t i v e l y  l a r g e  volume o f  e x t r a c t  
c o n t a i n i n g  a smal l  amount o f  hydroca rbons  and o t h e r  e x t r a c t e d  compound.?. 
The volume o f  s o lv en t  i n  t h i s  e x t r a c t  m us t  be  r ed u ce d  u n t i l  t h e  con­
c e n t r a t i o n s  o f  p o l l u t a n t  h y d ro c a rb o n s  a r e  h i g h  enough f o r  a n a l y s i s .  
U n f o r tu n a t e ly *  th e  p ro c e d u re s  used  fo r  t h e  volume r e d u c t i o n  s t e p  may 
a l s o  l o s e  l a r g e  p o r t i o n s  o f  t h e  p e t ro l eu m  compounds under  s tudy* I t  
i s  i m p o r t a n t  * then ,  to c hoose  s o l v e n t s  and volume r e d u c t i o n  p rocedures  
t h a t  a r e  com pa t ib le  w i th  t h e  a n a l y t i c a l  method and g i v e  h i g h  p e rc e n ta g e  
r e t u r n s  o f  t h e  hydrocarbons  o f  i n t e r e s t .  O t h e r  f a c t o r s  w hich  should 
be  e v a l u a t e d  i n  the  c h o ice  o f  a volume r e d u c t i o n  p r o c e d u r e  a r e r
(1)  r e p e a t i b i l i t y  of  the p r o c e d u r e ,  (2) p r o c e d u r a l  t im e ,  and (3)  sample 
c o n t a m i n a t i o n .
The p r e s e n t  s t u d y  e v a l u a t e d  t h e  r e t u r n  o f  hyd ro ca rb o n  s t a n d a r d s  
from th e  volume r e d u c t io n  o f  t h r e e  connonly  u s e d  s o l v e n t s ;  (1) p e n t a n e ,
(2)  hexane ,  and (3) benzene .  The t e a t  s o l u t i o n s  were r e d u c e d  in volume
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a t  s e v e r a l  t e m p e r a t u r e s  I n  a r o t o e v a p o r a t a T ,  a  w a t e r  b a t h ,  and u n d e r  
a s t r e a m  o f  n i t r o g e n .  The e x p e r i m e n t  was d e s i g n e d  to  e s t a b l i s h  t h e  
s y s t e m  most  s u i t e d  f o r  u se  I n  t h e  s t u d y  o f  No. 2 f u e l  o i l  p e t r o l e u m  
h y d r o c a r b o n s  i n  e n v i ro n m e n ta l  s a m p l e s .
MATERIALS AND METHODS
A s t a n d a r d  of  n - a l k a n e u  was I s o l a t e d  from a No. 2 f u e l  o i l
by u se  o f  m o l e c u l a r  s i e v e s .  F iv e  ml o f  t h i s  s t a n d a r d  were added  to
195 ml o f  t h e  s o l v e n t  b e i n g  t e s t e d .  T h i s  s o l u t i o n  was r e d u c e d  I n  volume
to  5 ml by one o f  t h e  f o l l o w i n g  t e s t  p r o c e d u r e s :  (1 )  w a t e r  b a t h  -
500 ml round  bottom f l a s k  i n  a c o n s t a n t  t e m p e r a t u r e  b a t h ,  (2)  r o t o -  
e v a p o r a t o r - a l r  d r i v e n  r o t o e v a p o r a t o r  e q u i p p e d  w i t h  a 300 ml e v a p o r a t i n g  
f l a s k  and a 2000 ml a l l  g l a s s  t r a p  (vacuum o b t a i n e d  from a w a t e r  
a s p i r a t o r ) ,  and (3)  s t r e a m  o f  n i t r o g e n  -  s t r e a m  o f  u l t r a  h i g h  p u r i t y  
n i t r o g e n  blown o v e r  s o l v e n t  s u r f a c e .  The t e m p e r a t u r e  o f  t h e  e x p e r i m e n t s  
was m a i n t a i n e d  (+.Z°C) I n  a c o n s t a n t  t e m p e r a t u r e  b a t h .
For each  s o l v e n t ,  t e s t  p r o c e d u r e ,  and  t e m p e r a t u r e  c o m b i n a t i o n  
t h e  volume r e d u c t i o n  was r e p e a t e d  3 t i m e s .  The r e s u l t i n g  s o l u t i o n s  
were a n a l y z e d  on a 15* SE-3Q column I n  a P e r k i n  Elmer 900 g a s  ch ro m a to ­
g r a p h .  Peak  h e i g h t s  were m easured  and means and s t a n d a r d  d e v i a t i o n s  w^re­
c a l c u l a t e d  f o r  each  n - a l k a n e  p e a k .  The p e r c e n t a g e  r e t u r n s  w e re  d e t e r m i n e d  
by com par ing  th e  peak  h e i g h t s  of  n - a l k a n e s  r e t u r n e d  from t h e  volume 
r e d u c t i o n  t e s t  w i t h  t h o s e  from th e  s t a n d a r d .  The s t a n d a r d  d e v i a t i o n s  
w ere  u s e d  to  g i v e  a m easu re  o f  t h e  r e p e a t l b l l i t y  o f  t h e  p r o c e d u r e .
RESULTS
The r e s u l t s  o f  t h e  volume r e d u c t i o n  e x p e r i m e n t s  a r e  l i s t e d
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I n  T ab le  19.  Both  t h e  r e p e a t l b l l l t y  ( i n v e r s e  o f  t h e  s t a n d a r d  d e v i a t i o n )  
and t h e  p e r c e n t a g e  r e t u r n  were poor  f o r  t h e  w a t e r b a t h  e x p e r i m e n t s  and 
t h e  r o t o e v a p o r a t o r  w i t h o u t  vacuum. The r o t o e v a p o r a t o r  e x p e r i m e n t s  
w i t h  t h e  t h r e e  s o l v e n t s  showed b e t t e r  r e p e a t l b l l l t y  a t  t h e  l o v e r  
t e m p e r a t u r e  f o r  t h e  C^q-Cj^ s t a n d a r d s .  In  t h e s e  e x p e r i m e n t s  t h e  l o w e r  
t e m p e r a t u r e  showed b e t t e r  p e r c e n t a g e  r e t u r n  f o r  hexane  and b e n z e n e ,  
b u t  s l i g h t l y  p o o r e r  r e t u r n  f o r  t h e  p e n t a n e .  The r e p e a t l b l l l t y  was 
b e t t e r  a t  t h e  lower  t e m p e ra t u r e  f o r  a l l  t h r e e  s o l v e n t s  In  t h e  e x p e r i m e n t s  
w i t h  t h e  s t r e a m  o f  n i t r o g e n .  In  t h e s e  e x p e r i m e n t s  t h e  h i g h e r  t e m p e r a t u r e  
showed p o o r e r  p e r c e n t a g e  r e t u r n  f o r  a l l  s o l v e n t s .  The low er  t e m p e r a t u r e  
( 109 ) s t r e a m  o f  n i t r o g e n  r e d u c t i o n  w i t h  t h e  s o l v e n t  b en ze n e  gave  th e  
b e s t  r e p e a t l b l l l t y  and p e r c e n t a g e  r e t u r n  o f  a l l  t h e  p r o c e d u r e s  t e s t e d .
I n  g e n e r a l  I t  appea red  t h a t  b e t t e r  r e t u r n s  and  r e p e a t i b l l l t i e s  were 
o b t a i n e d  from t h e  p r o c e d u r e s  w i th  t h e  l o n g e s t  a n a l y s i s  t i m e s .
DISCUSSION
The volume r e d u c t i o n  p r o c e d u r e  employed mus t  c o n s i s t e n t l y  
r e t u r n  s u f f i c i e n t  amounts o f  the  h y d r o c a r b o n  un d e r  s t u d y .  The low 
p e r c e n t a g e  r e t u r n  and poor  r e p e a t l b l l l t y  o f  t h e  w a t e r  b a t h  and t h e  
r o t o e v a p o r a t o r  ( w i t h o u t  vacuum) p r o c e d u r e s  s e v e r e l y  l i m i t  t h e i r  u s e f u l ­
n e s s  when a n a l y z i n g  No. 2 f u e l  o i l  h y d r o c a r b o n s .  W i th  t h e  e x c e p t i o n  
o f  t h e  hexane  60° r o t o e v a p o r a t o r  e x p e r i m e n t ,  t h e  p e r c e n t a g e  r e t u r n  and 
r e p e a t l b l l l t y  o f  No. 2 f u e l  o i l  n - a l k a n e  s t a n d a r d s  f rom  t h e  r o t o -  
e v a p o r a t o r  ( w i t h  vacuum) and the  s t r e a m  o f  n i t r o g e n  p r o c e d u r e s  were 
good;  In  g e n e r a l  t h e  lower  t e m p e r a t u r e  p r o c e d u r e  gave  b e t t e r  p e r c e n t a g e  
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When numerous s am p les  a r e  to  be p r o c e a s e d  t h e  volume r e d u c t i o n  
t im e ,  s e t  up t i m e ,  and t h e  amount o f  equ ipm ent  and g l a a a w a r e  a r e  a l s o  
I m p o r t a n t  c o n s i d e r a t i o n s  d u r i n g  s e l e c t i o n  o f  a vo lum e r e d u c t i o n  p r o c e d u r e  
S in c e  i n  t r a c e  work a l l  g l a s s w a r e  m us t  be s o l v e n t  washed t o  a v o i d  con­
t a m i n a t i o n  t h e  g l a s s w a r e  c l e a n i n g  t ime s h o u ld  be c o n s i d e r e d  aa  p a r t  o f  
t h e  a n a l y s i s  t i m e .  I n  T a b l e  19 o n l y  t h e  t i m e s  needed  f o r  vo lum e r e d u c t i o  
a r e  shown. I n  g e n e r a l  t h e  l o n g e r  p r o c e d u r e s  gave b e t t e r  p e r c e n t  r e t u r n s  
and r e p e a t l b l l l t l e s .
A l t h o u g h  t h e  vo lum e r e d u c t i o n  r e q u i r e m e n t s  f o r  t h e  s t u d y  
on No. 2 f u e l  o i l  h y d r o c a r b o n s  i n  t h e  marsh  env i ro n m en t  w e re  somewhat 
d i f f e r e n t  t h a n  t h e  volume r e d u c t i o n s  s t u d i e d  h e r e ,  t h e  d a t a  f rom  t h e  
p r e s e n t  s t u d y  w ere  used  i n  c o m b in a t i o n  w i t h  o t h e r  c o n s i d e r a t i o n s  t o  
s e l e c t  a  p r o c e d u r e  f o r  u s e  on e x t r a c t s  from t h e  m a rs h  s a m p l e s .  C l e a r l y  
t h e  w a t e r  b a t h  and t h e  r o t o e v a p o r a t o r  ( w i t h o u t  vacuum) p r o c e d u r e s  were  
n o t  s u i t a b l e .  A l though  t h e  r o t o e v a p o r a t o r  ( w i th  vacuum) e x p e r i m e n t s  
looked  g o o d ,  t h e y  r e q u i r e d  more g l a s s w a r e  and more hood s p a c e  t h a n  
t h e  s t r e a m  o f  n i t r o g e n  p r o c e d u r e .  I n  a d d i t i o n ,  t h e s e  r o t o e v a p o r a t o r  
p r o c e d u r e s  r e q u i r e  a  vacuum and even  w i t h  a p r o p e r l y  t r a p p e d  vacuum 
s ys tem  i t  I s  h a rd  t o  a v o i d  s m a l l  amounts of  c o n t a m i n a t i o n  from vacuum 
s o u r c e s  a n d  l i n e s .  The s t r e a m  o f  n i t r o g e n  p r o c e d u r e  i s  c l e a n  and 
r e q u i r e s  n o  e x t r a  g l a s s w a r e  o r  s p a c e .  A l th o u g h  t h e  volume r e d u c t i o n  
t im e  l a  g r e a t e r  f o r  t h e  p r o c e d u r e  th a n  f o r  t h e  r o t o e v a p o r a t o r  p r o c e d u r e ,  
i t  a c t u a l l y  t a k e s  l e s s  t i m e  b e c a u s e :  (1) no e x t r a  g l a s s w a r e  need  be
c l e a n e d ,  a n d  (2)  t h e r e  i s  a l m o s t  no s e t  up t im e .  F o r  t h e s e  r e a s o n s  
t h e  s t r e a m  o f  n i t r o g e n  volume r e d u c t i o n  p r o c e d u r e  was  s e l e c t e d  f o r  
t h e  marsh  s t u d y .
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